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ABSTRACT
The on togeny o f  th e  f lo w er and f r u i t  o f  I l l i c i u m  flo rid an u m  
E l l i s  was in v e s t ig a te d  and compared w ith  i t s  v e g e ta t iv e  ontogeny.
Each mixed te rm in a l bud p roduces 5 -6  b r a c t s  a rra n g e d  i n  a c lockw ise  
h e l ix ,  each b r a c t  su b ten d s  e i t h e r  a v e g e ta t iv e  o r  f l o r a l  bud.
F low ers a re  s o l i t a r y ,  o c c u r r in g  e i t h e r  te rm in a l ly  o r  in  an a x i l l a r y  
p o s i t io n .  Each f lo w e r has 3 -6  b r a c te o le s  a rra n g e d  i n  a c lockw ise  h e l ix  
below  th e  f l o r a l  appendages.
The f lo w er h a s  24-28  t e p a l s ,  30-35 s tam en s , and u s u a l ly  13 
u n io v u la te  c a r p e ls .  T ep a ls  and stam ens a re  p roduced in  lo w -p itch ed  
h e l i c e s ;  c a rp e ls  a p p e a r  w h orled , a lth o u g h  th e r e  a r e  some in d ic a t io n s  
t h a t  th e y  do n o t a l l  a r i s e  s im u lta n e o u s ly  o r  a t  th e  same l e v e l .
The v e g e ta t iv e  ap ex , w hich p roduces le a v e s  and b r a c t s ,  i s  
low -convex in  o u t l in e  w ith  a tu n ic a -c o rp u s  c o n f ig u ra t io n .  The f l o r a l  
apex i s  h igh -convex  in  o u t l in e  w ith  a tu n ic a -c o rp u s  c o n f ig u ra t io n ;  i t  
in c re a s e s  i n  h e ig h t  and w id th  th ro u g h o u t i n i t i a t i o n  o f  th e  f l o r a l  
appendages.
T e p a ls , s tam ens, and c a rp e ls  a r e  i n i t i a t e d  by one to  s e v e ra l  
p e r i c l i n a l  d iv i s io n s  i n  th e  su b su rfa c e  la y e r s  low on th e  a p ic a l  
f la n k s ,  augmented by c e l l  d iv i s io n s  in  th e  o u te r  la y e r s  o f  th e  co rp u s . 
E a rly  developm ent wi th i n  each  o f  th e  appendages fo llo w s  a s im i la r  
p a t te r n  o f  a p ic a l  grow th by su b a p ic a l i n i t i a l s .  M arg inal grow th in  
a l l  appendages i s  by  d e f i n i t e  m arg ina l and subm arg in a l i n i t i a l s ,  
ex cep t in  stam ens. In  t e p a l s ,  th e  o r i g i n ,  d u r a t io n ,  and c e s s a t io n
v
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o f  m a rg in a l and subm arg inal a c t i v i t y  v a r i e s ,  r e s u l t i n g  in  th e  u lt im a te  
shape o f  t e p a l s  in te rg r a d in g  from th e  o u te r ,  w id e , ob long-shaped  
te p a ls  to  th e  in n e r  ones which a r e  n a rro w ly  la n c e o la te  w ith  an a tte n u a te d  
t i p .  The c a r p e l  deve lo p s  as a c o n d u p lic a te  s t r u c t u r e  w ith  a p p re sse d , 
un fused  m a rg in s ; s t ig m a tic  p a p i l la e  form on th e  g r e a t e r  p a r t  o f  th e  
a d a x ia l  s u r f a c e  o f  each  c a rp e l m arg in .
T hroughout developm ent o f  f l o r a l  appendages, procambium d ev e lo p ­
ment i s  a c r o p e ta l  and co n tin u o u s . Xylem d i f f e r e n t i a t i o n  in  te p a ls ,  
stam ens, and c a r p e ls  i s  i n i t i a l l y  d is c o n tin u o u s . B ra c te o le s ,  t e p a l s ,  
and stam ens a r e  each  su p p lie d  by 1 t r a c e ;  c a r p e ls  have 3 t r a c e s  each:
1 d o r s a l ,  2 v e n t r a l  b u n d le s .
Sporogenous c e l l s  d i f f e r e n t i a t e  in  a  stam en a t  a  h e ig h t o f  about 
400ju. A v e r t i c a l  column o f  sp o re  m other c e l l s  i s  su rrounded  by a  
m u l t i la y e re d  p a r i e t a l  t i s s u e .  Upon co m p le tio n  o f  m e io s is ,  th e  4 
m ic ro sp o re s  w ith in  th e  t e t r a d  s e p a r a te ,  each  becom ing t r i c o l p a t e ,  
w ith  a s p in y  e x in e . The m ature a n th e r  w a ll  c o n s i s t s  o f :  ep id e rm is ,
endo thecium , one to  s e v e ra l  c rushed  m idd le l a y e r s ,  and a  tapetum  
formed from  th e  in n e r  la y e r  o f  th e  p a r i e t a l  t i s s u e .  M ature stam ens 
a re  la m in a r  w ith  4 - s p o ra n g ia te  i n t r o r s e l y  l a t e r a l  a n th e r s .
O vule i n i t i a t i o n  o ccu rs  in  a m edian a x i l l a r y  p o s i t io n  a t  th e  
a d a x ia l  b a se  o f  th e  c a r p e l ,  a  h ig h ly  u n u su a l ty p e  o f  p la c e n ta t io n .
In  i t s  developm en t, th e  ovu le  i s  a n a tro p o u s , b i te g m ic , and c r a s s i -  
n u c e l la r .  The m egaspore m other c e l l  u s u a l ly  p ro d u ces  a  l i n e a r  t e t r a d  
o f  4 m eg asp c res; o c c a s io n a l ly ,  a T -shaped  t e t r a d  o f  4 m egaspores i s  
p roduced . S u b se q u e n tly , th e  3 m ic ro p y la r  m egaspores d i s in t e g r a t e  and 
th e  c h a la z a l  m egaspore develops in to  th e  m on o sp o ric , 8 -n u c le a te  
m egagam etophyte.
v i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F r u i t s  d ev e lo p  a f t e r  f lo w erin g  in  March to  m a tu ra tio n  in  
O cto b er. The v a s c u la tu r e  o f  r e c e p ta c le  and f o l l i c l e s  i s  m o d ified  
d u rin g  f r u i t  m a tu ra tio n  a s  th e  r e c e p ta c le  and f o l l i c l e s  e n la rg e .
A f te r  th e  i n i t i a t i o n  o f  th e  13 c a r p e l s ,  an  a p ic a l  residuum  
p e r s i s t s  and c o n tin u e s  f u r th e r  development, It lo s e s  th e  tu n ic a -  
co rp u s c o n f ig u r a t io n ,  and a  p la te  m eristem  d ev e lo p s  o v e r th e  s u r fa c e .
A p a p i l l a t e  s t r u c t u r e  forms te rm in a l ly ,  w ith  an i n t e r c a l a r y  m eris tem  
a t  i t s  b a s e . As th e  p a p i l l a t e  s t r u c t u r e  i s  sloughed  o f f ,  t h i s  b a s a l  
m eris tem  p ro v id e s  d e r iv a t iv e s  upward to  accommodate th e  a d a x ia l  expansion  
o f  each  c a r p e l  d u r in g  f r u i t  developm ent. Among ang iosperm s whose 
on togeny h as  been  in v e s t ig a te d ,  t h i s  a c t i v i t y  o f  th e  a p ic a l  residuum  
ap p ea rs  to  be u n iq u e .
v i i
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INTRODUCTION
I l l i c i u m  flo rid an u m  E l l i s ,  th e  S ta r  A n ise , i s  a member o f  th e  
R a n a lia n  fa m ily  I l l i c i a c e a e .  T h is  genus shows many p r im it iv e  f l o r a  
c h a r a c t e r i s t i c s  such as numerous appendages, absence o f  fu s io n  among 
p a r t s ,  r a d i a l  symmetry, h e l i c a l  a rrangem en t o f  t e p a ls  and stam ens, 
and a  t r a n s i t i o n a l  m o rp h o lo g ica l s e r i e s  in  members o f  th e  p e r ia n th .
_I. f lo rid a n u m  p o s se s s e s  one "advanced" f l o r a l  f e a tu r e  in  th e  a p p a re n tly  
w horled  arrangem ent o f  th e  numerous f r e e  c a r p e ls .  The c u r r e n t  s tu d y  
was u n d e rta k e n  to  in v e s t ig a t e  th e  on togeny o f  th e  flow er in  I .  flo ridanum  
w ith  p a r t i c u l a r  a t t e n t i o n  to  th e  sequence o f  i n i t i a t i o n  o f  th e  appendages 
and th e  a p p a re n t s h i f t  from h e l i c a l  to  w horled  i n i t i a t i o n .  F r u i t  d e v e l­
opment and v a s c u la tu r e  a ls o  w ere o f s p e c ia l  i n t e r e s t  in  t h i s  s tu d y .
Some a s p e c ts  o f  th e  m orphology, anatom y, em bryology, and 
cytotaxomomy o f th e  genus I l l i c i u m  have been  exam ined by o th e r  a u th o rs . 
T h ere  a re  few developm ental p a p e rs  on I_. f lo r id a n u m . S c h lo t te rb e c k  
and E c h le r  (1901) s tu d ie d  seed  and f r u i t  developm ent. E a r le  (1941) 
r e p o r te d  on th e  developm ent o f  th e  embryo and endosperm  in  th e  same 
s p e c ie s ,  d e s c r ib in g  th e  seed  as  h av in g  a m inu te  embryo w ith  cop ious 
o i l y  endosperm . B a ile y  and N ast (1948) conducted  s tu d ie s  on th e  anatomy 
and m orphology o f  stem  and le a v e s  o f  I l l i c i u m , S c h iz a n d ra , and K adsu ra . 
H ayash i (1960) p re se n te d  r e s u l t s  o f  a s tu d y  on th e  m ic ro sp o ro g e n es is  
and p o l le n  m orphology o f I l l i c i u m  re lig io s u m  S ie b . e t  Zucc. In  1963, 
he p u b lish e d  r e s u l t s  o f  a s tu d y  on th e  m eg asp o ro g en es is , m egagam etophyte,
1
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and embryogeny o f  X- an isa tu m  L. Keng (1965) s tu d ie d  th e  f l o r a l  
m orphology, anatom y, and v a s c u la tu r e  in  s ix  s p e c ie s  o f  I l l ic iu m ;
1^ flo rid an u m  E l l i s  was n o t in c lu d e d  in  h i s  s tu d y . S tone and Freeman 
(1968) r e p o r te d  in  a cy to taxonom ic s tu d y  o f  I .  f lo r id a n u n  E l l i s  and o f  
Jt. p a rv if lo ru m  Mich, t h a t  fo r  _I. f lo r id a n u m . th e  n=13 c o n d itio n  i s  
p ro b a b ly  d e r iv e d  from th e  b a s ic  h a p lo id  number o f 14 by th e  p ro c e s s  o f 
a n e u p lo id y . No p re v io u s  s tu d y  h a s  been  made of th e  developm ental 
anatomy o f  th e  flo w er o f  a member o f  th e  genus I l l i c i u m . B ecause o f  
i n t e r e s t  in  I .  f lo rid an u m  as a  p r im i t iv e  angiosperm  w ith  a somewhat 
s p e c ia l iz e d  gynoecium , t h i s  f l o r a l  o n to g e n e tic  in v e s t ig a t io n  was 
c o n s id e re d  o f  v a lu e .
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MATERIALS AND METHODS
Both v e g e ta t iv e  and f l o r a l  buds o f  I l l i c i u m  flo ridanum  E l l i s  
were c o l le c te d  b im o n th ly  from Ju n e , 1969, to  Ju n e , 1970. Collections 
were made from p la n ts  c u l t iv a te d  in  S m ith 's  N u rse ry , Baton Rouge, 
L o u is ia n a . Mr. Emory Sm ity c o l le c te d  th e  p la n t s  from th e  w est bank 
o f  th e  T ickfaw  R iv e r ,  n e a r  Holden, L iv in g s to n  P a r i s h ,  L o u is ia n a .
The v e g e ta t iv e  and f l o r a l  a p ic e s  were k i l l e d  and f ix e d  in  
fo rm a l in - a c e t ic  a c id - a lc o h o l  (FAA: 50cc 95% ETOH, 5cc g l a c i a l  a c e t ic  
a c id ,  lOcc 37-40% fo rm aldehyde, 35cc d i s t i l l e d  w a te r)  and dehy ra ted  
in  a t e r t i a r y  b u ty l  a lc o h o l s e r i e s .  They were imbedded in  "T issu em at" , 
a h ig h  m e ltin g  p o in t  p a r a f f i n ,  and se c tio n e d  a t  7 -9 ji, on an *'820" 
Spencer r o ta r y  m icrotom e. The s e c tio n s  w ere s ta in e d  w ith  ta n n ic  a c id ,  
f e r r i c  c h lo r id e ,  and s a f r a n in  (F o s te r ,  1934) and mounted in  "H arleco " , 
a m ounting r e s i n .
A d d itio n a l f lo w e rs  and whole c a rp e ls  o f  1.  f lo rid an u m  
were c le a re d  f o r  co m p ara tiv e  s tudy  o f  th e  v a s c u la tu r e .  Large c a rp e ls  
were f i r s t  b le ach ed  in  S to c k w e ll 's  S o lu tio n  o f  5% sodium hydrox ide .
Buds and f lo w ers  were c le a re d  in  e i t h e r  c h lo ro l  h y d ra te  o r  l a c t i c  
a c id .  S p e c ia l c a re  must be taken  when b le a c h in g  and c le a r in g  u sing  
h e a t ,  f o r  th e  c a r p e ls  s p l i t  e a s i l y .
S e c tio n s  and c le a r in g s  were pho tographed  on Kodak Panatom ic X 
f i lm  u s in g  a L e i tz  O rthom at-O rthop lan  pho tom icroscope w ith  b r i g h t - f i e l d  
i l lu m in a t io n .
The w id th  and h e ig h t  o f  a p ic a l  m eristem s were measured on 
lo n g i tu d in a l  s e c t io n s  w ith  an o c u la r  m ic ro m ete r. The base  o f  an
3
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a p ic a l  m eristem , as viewed in  lo n g i tu d in a l  s e c t io n ,  was d e term ined  to  
be th a t re g io n  above th e  l a s t  formed appendages. The h e ig h t o f  a 
sh o o t a p ic a l  m eristem  was a l s o  determ ined  from t r a n s v e r s e  s e c t io n s  by 
co u n tin g  th e  number o f  7-9ji s e c t io n s  c l e a r ly  showing th e  a p ic a l  
p e r im e te r  above any appendage.
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RESULTS
O rganography
I l l i c i u m  flo rid a n u m  E l l i s ,  th e  S ta r  A nise (F ig . 1 -3 ) ,  i s  a 
sh rub  o r  sm all t r e e  t h a t  ran g es  from w est S t .  H elena P a r is h  in  
L o u is ian a  eastw ard  to  F lo r id a  and northw ard  to  c e n t r a l  Alabama (Wood, 
1958). The p la n ts  in  c u l t i v a t i o n  a r e  e v e rg re e n , about 30 y e a rs  o ld ,  
and 4-12  f e e t  h ig h .
The le a v e s  o f  I l l i c iu m  s tu d ie d  h e re  a re  a l t e r n a t e ,  p e t i o l a t e ,  
e x s t i p u l a t e ,  and g la b ro u s .  The l e a f  shape i s  s im p le , e n t i r e ,  e l l i p t i c  
to  la n c e o la te ,  and w ith  an  a c u te  apex and b ase  (F ig . 3 ) . At m a tu r i ty ,  
b la d e  le n g th  i s  75-150mm and p e t i o l e  le n g th  i s  10-25mm; each  b la d e  
i s  d e c u r re n t on th e  p e t io l e .  At th e  end ojf each  growing seaso n , th e  
l a s t  5-7  le a v e s  p roduced on a stem  a r e  o f te n  c lu s te r e d ,  w ith  v ery  
s h o r t  in te rn o d e s .  P h y llo ta x y  i s  2 /5  in  th e  p la n ts  in v e s t ig a te d .
The p e r io d  o f  g r e a t e s t  v e g e ta t iv e  grow th o f  th e  S ta r  A nise 
o ccu rs  from March to  O ctober o f  each  y e a r .j T here  a re  two p a t te r n s  o f  
v e g e ta t iv e  grow th. In  a shoo t p ro d u c in g  aj te rm in a l  f lo w er (F ig . 4 ) ,  
one to  s e v e ra l  o f  th e  upperm ost a x i l l a r y  buds a re  v e g e ta t iv e .  These 
a x i l l a r y  su b te rm in a l buds c o n tin u e  v e g e ta t iv e  grow th o f  th e  shoot th e
n ex t y e a r .  S ev e ra l a d d i t io n a l  f lo w e rs ,  2 -3  in  number, may be p re s e n t
|
on th e  b ran ch ; each  i s  produced from an  a x i i l l a r y  bud below  th e  v e g e ta t iv e  
a x i l l a r y  bud and c lo s e  to  th e  end o f  th e  sh o o t. In  th e  second p a t t e r n  
(F ig . 5 ) ,  a shoot has a v e g e ta t iv e  te rm inajl bud and s e v e ra l  su b te rm in a l 
a x i l l a r y  buds in  th e  v e g e ta t iv e  s t a t e .  By th e  subsequen t grow th o f  
many o f  th e s e  buds d u r in g  th e  seaso n  th e  sh o o t undergoes b ra n c h in g .
5
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An o v e rw in te r in g  in f lo r e s c e n c e  bud in  I l l i c iu m  has 4 -6  h e l i c a l l y  
a rran g ed  b r a c t s  (F ig . 8 ) .  The a rrangem en t i s  c lo ck w ise  and p h y llo ta x y  
i s  2 /5  in  th e  p la n ts  in v e s t ig a t e d .  In  th e  a x i l s  o f  some b r a c t s  a 
f l o r a l  bud may form . Each a x i l l a r y  f l o r a l  bud i s  su b ten d ed  by 3-6  
h e l i c a l l y  a rran g ed  b r a c te o le s  (F ig . 9 ) .  The arrangm ent i s  c lo ck w ise  
w ith  a 2 /5  p h y llo ta x y  in  th e  p la n ts  observed  in  t h i s  s tu d y .
W ith in  i t s  L o u is ia n a  ra n g e , th e  S ta r  A nise f lo w e rs  d u r in g  
March and A p r i l .  The f lo w e rs  a r e  s o l i t a r y  and e i t h e r  te rm in a l  o r  
a x i l l a r y .  Each f lo w er (F ig . 2 , 10) i s  p e r f e c t ,  hypogynous, r a d i a l l y  
sy m m etrica l, and w ith  a l l  p a r t s  f r e e .  An in d iv id u a l  f lo w e r has  24-28 
t e p a l s ,  30-35 stam ens, and u s u a l ly  13 f r e e  u n io v u la te  c a r p e l s .
Taxonomic d e s c r ip t io n s  (R edher, 1940; B a ile y , 1949; Wood,
1958; H u tch in son , 1959) g e n e r a l ly  d e s c r ib e  th e  f lo w e r o f  th e  genus 
I l l i c i u m  as hav ing  i t s  p a r t s  a rra n g e d  i n  s e v e ra l  s e r i e s .  I t  i s  
d i f f i c u l t  to  d e te rm in e  i f  th e  f l o r a l  appendages ( t e p a l s ,  s tam en s , 
and c a rp e ls )  a re  a rra n g e d  in  a lo w -p itc h e d  h e l ix  o r  w h o rled . The 
d i f f i c u l t y  a r i s e s  from the crow ding o f  th e  appendages on th e  r e c e p ta c le .  
The a u th o r  u se s  th e  te rm s " le v e l "  o r  " s e r i e s "  when r e f e r r i n g  to  th e  
r e l a t i v e  arrangem ent o f  th e  f l o r a l  appendages; th e  te rm s a r e  used  f o r  
co n v en ien ce , w ith o u t o n to g e n e tic  im p l ic a t io n s .
The 24-28 te p a ls  (F ig . 11) a r e  20-30mm in  le n g th ,  c r im so n , and 
d ec id u o u s. Each has a  s in g le  m idvein . The number o f  seco n d ary  
b ran ch es  and d ic h o to m ies  v a r i e s  ac c o rd in g  to  th e  le n g th  and w id th  o f  
th e  t e p a l .  A nastom oses o c c u r  r a r e l y ,  u s u a l ly  in  th e  l a r g e r  t e p a l s .
The v a s c u la tu re  i s  open in  a l l  t e p a l s .
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I f  th e  t e p a l s  a re  a rran g ed  in  p resu m p tiv e  o n to g e n e tic  o rd e r ,  
th ey  f a l l  in to  m o rp h o lo g ica l groups based on h e ig h t ,  w id th , and 
m arg in a l o u t l in e  (T ab le  1 ) .
T epals  in t e r g r a d e  in  s iz e  from th e  o u te r  lo n g  ones to  th e  in n e r  
s h o r t  o n es . I n  w id th  te p a ls  in te rg ra d e  from  w ide o u te r  ones to  
narrow  in n e r  o n e s . I n  o u t l in e  th e y  range from  o b lo n g , ro u n d e d -tip p e d  
appendages to  n a rro w ly  la n c e o la te  ones w ith  a t te n u a t e  t i p s .  The 
v a s c u la tu re  aupp ly  i n  te p a l s  a l s o  shows a g ra d u a l m o d if ic a t io n  from 
numerous prom inen t b ran ch e s  i n  th e  o u te r  t e p a l s  to  a s in g le  m idvein  
w ith  few o r  no b ra n c h e s  i n  th e  in n e r  t e p a l s .
The androecium  c o n s i s t s  o f  30-35 stam ens. T h e ir  arrangem ent 
ap p ea rs  h e l i c a l  (F ig . 1 0 ) . Each stam en i s  r e d ,  la m in a r , and abo u t 
5mm long  and 1.7mm w ide a t  f lo w e rin g . A n th e rs  a r e  b a s i f i x e d ,  4 - 
s p o ra n g ia te ,  and i n t r o r s e l y  l a t e r a l ;  th e y  d e h is c e  by lo n g i tu d in a l  
s l i t s .  The f i la m e n t i s  b road  and lo n g e r th a n  th e  a n th e r  a t  m a tu r i ty .
The a n th e r  i s  o n ly  s l i g h t l y  w ider th an  th e  f i la m e n t and has an a t te n u a te d  
c o n n e c tiv e . D uring  a n th e s i s  th e  stam ens re c u rv e  a b a x ia l ly  a t  th e  t i p s .  
The m ature p o l le n  i s  t r i c o l p a t e ,  w ith  a sp in y  e x in e . The v a s c u la tu re  
o f  each stam en c o n s i s t s  o f  a s in g le  v a s c u la r  s t r a n d  th a t  ex ten d s to  
w ith in  a s h o r t  d is ta n c e  o f  th e  t i p  o f  th e  stam en.
T r a n s i t io n s  betw een te p a ls  and stam ens o c c u r  r a r e l y .  (Three 
were seen  in  t h i s  s tu d y ) .  The a n th e r  o f  a t r a n s i t i o n  appendage v a r ie s  
in  d eg ree  o f  developm ent. O fte n , on ly  a  2 - s p o ra n g ia te  a n th e r  i s  
p r e s e n t ,  w ith  th e  in c o m p le te ly  developed  s p o ra n g ia l  re g io n  formed 
on th e  s id e  o f  th e  a n th e r  c lo s e r  to  th e  f i r s t  4 - s p o ra n g ia te  stam en 
in  th e  s e r i e s .
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8T ab le  1. T epal s iz e  and shape by p resum ptive  developm ental o rd e r .
P resum ptive
O rder
# H eight 
in  mm
Width 
in  mm
Shape Tip
O uterm ost 
Group 1
4 24-27 3-5 oblong rounded
Group 2 8 26-30 4-5 oblong to  
la n c e o la te
rounded
Group 3 4 28-30 4 oblong to  
la n c e o la te
ta p e r in g
d i s t a l l y
Group 4 4 26-30 3-4 la n c e o la te ta p e r in g
d i s t a l l y
Group 5 4 -8 20-24 3-4 n arrow ly
la n c e o la te
a t te n u a te d
t ip
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The gynoecium c o n s is ts  u s u a l ly  o f  13 f r e e ,  l a t e r a l l y  a p p re sse d , 
uniovulate c a r p e l s .  At f lo w erin g  a c a rp e l  i s  6-8mm h ig h  and 3-5mm 
w ide a t  i t s  b a se . Each c a rp e l has a  b a s a l ly  expanded and f la t te n e d  
ovary  w ith  a  s h o r t ,  d i s t a l l y  a t te n u a te d ,  a b a x ia l ly  recu rv ed  s ty le .
The ov ary  i s  u n i lo c u la r .  The s in g le  o v u le  i s  a n a tro p o u s , b ite g m ic , 
c r a s s i n u c e l l a r ,  and i s  a t ta c h e d  n e a r  th e  a d a x ia l  b a s e . The s t y l a r  
re g io n  i s  c o n d u p lic a te  and co nn iven t th ro u g h o u t c a rp e l  and f r u i t  
developm ent; i . e . ,  i t  i s  fo ld ed  b u t th e  a p p re sse d  edges a re  no t 
fu s e d . The s t y l a r  re g io n  i s  v a s c u la r iz e d  and has p a p i l l a e  a long  th e  
d i s t a l  h a l f  o f  i t s  a d a x ia l  s u r fa c e .  The v a s c u la tu r e  o f  th e  r e c e p ta c le  
a t  f lo w e rin g  in  M arch, c o n s is ts  o f  c lo s e ly  spaced  anastom osing  s tra n d s  
(F ig . 6 ) .
The f lo w e rs  o f  th e  S ta r  A n ise  open d u r in g  March and A p r i l ,  
and com plete  f r u i t  m a tu ra tio n  by O ctober o f  th e  same y e a r .  The f r u i t  
i s  a f c l l i c e tu m  (F ig . 6 , 94) o f 13 f r e e ,  v e n t r a l l y  d e h is c in g , one- 
seed ed , sp re a d in g  f o l l i c l e s ,  each 14-18mm h ig h  and ab o u t 15mm w ide.
At m a tu r i ty  th e  f r u i t  i s  g r e a t ly  s c l e r i f i e d ,  d ry , s ta r - s h a p e d ,  and 
25-40mm w ide. The f r u i t  has an e lo n g a te ,  d ro o p in g  p e d ic e l  25-100mm 
lo n g . The s o l i t a r y  seed o f  each c a rp e l  i s  o v a l to  su b -re n ifo rm  in  
shape , l a t e r a l l y  f l a t t e n e d ,  6-9mm lo n g , and w ith  a  su b -b a sa l h ilum . 
Each seed  i s  y e llo w  to  brown, g lo s s y , and has a b r i t t l e  t e s t a .  At 
th e  tim e o f  d e h isc e n c e  o f  th e  f r u i t ,  th e  seed  has co p io u s , o i l y  
endosperm  and a  m inute embryo, n e a r  th e  h ilu m . No s tu d y  was conducted  
o f  p o l l i n a t io n  o r  g e rm in a tio n .
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FLORAL ONTOGENY
Comparison o f  V e g e ta tiv e  and F lo r a l  A pices
The v e g e ta t iv e  apex in  I l l i c iu m  flo rid an u m  i s  low -convex , as  
seen  in  lo n g i tu d in a l  s e c t io n ,  w ith  a tu n ic a -c o rp u s  c o n f ig u r a t io n  
(F ig . 12, 13 ). Maximum a p i c a l  w id th  observed  was a b o u t 250/i; a p ic a l  
h e ig h t was 40-60p . The tu n ic a  i s  u n i s e r i a t e  to  b i s e r i a t e  and ex tends 
o v e r th e  homogeneous c o rp u s . By d e f in i t i o n ,  th e  c e l l s  of th e  tu n ic a  
la y e r s  d iv id e  o n ly  a n t i c l i n a l l y ,  w h ile  th e  c e l l s  o f  th e  co rp u s d iv id e  
in  v a r io u s  p la n e s .  The c e l l s  w ith in  th e  co rp u s re g io n  a r e  is o d ia m e tr ic  
and s t a i n  more l i g h t l y  w ith  cy to p lasm ic  s t a i n s  th a n  c e l l s  o f  th e  
tu n ic a .  In  F ig u re s  12 and 13 th e  T2  ( in n e r  tu n ic a  la y e r )  c o n ta in s  a 
p e r ic l i .n a l  d iv i s io n  ( a t  arrow ) h ig h  on th e  r i g h t  f la n k  o f  th e  apex ; 
t h i s  i s  p ro b ab ly  th e  i n i t i a t o r y  s i t e  o f  a  l e a f  prim ordium . W ith th e  
l e a f  p rim o rd ia  i n i t i a t e d  h ig h  on th e  a p ic a l  f l a n k s ,  th e  v e g e ta t iv e  
apex rem ains low convex th ro u g h o u t l e a f  i n i t i a t i o n .
In  I l l i c i u m  f lo r id a n u m , in  each f lo w e rin g  sh o o t th e  te rm in a l 
apex p roduces s e v e r a l  l e a f  p rim o rd ia  (which each su b ten d  e i t h e r  a 
f lo w er bud o r  a  v e g e ta t iv e  bud , depending  on th e  ty p e  o f  s h o o t)  and 
th e n  undergoes a t r a n s i t i o n  to  a f l o r a l  apex . Most f l o r a l  a p ic e s  
a r i s e  from a x i l l a r y  buds and do n o t p ass  th ro u g h  a v e g e ta t iv e  s t a t e .  
V e g e ta tiv e  and f l o r a l  a p ic e s  a r e  e a s i l y  d i s t in g u is h a b le  ex c e p t a t  th e  
tim e oE t r a n s i t i o n  from  te rm in a l  v e g e ta t iv e  apex to  f lo w e r .  The 
a p ic a l  m eristem  undergoes a  g ra d u a l en largem en t d u r in g  t r a n s i t i o n ,  and 
th e  appendages p roduced  a r e  q u i t e  s im i la r  i n  p r im o rd ia l  s ta g e s .  The 
e a r l i e s t  r e c o g n iz a b le  f l o r a l  apex (F ig . 14) i s  more h ig h ly  convex
10
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th a n  thn  v e g e ta t iv e  ap ex , and i s  su rro u n d ed  by many young p r im o rd ia .
The l a t t e r  c o n d i t io n  c l e a r ly  c o n t r a s t s  w ith  t h a t  o f  th e  v e g e ta t iv e  
apex (F ig . 12) w hich has on ly  abou t 2 l e a f  p r im o rd ia  a d ja c e n t  to  th e  
m eris tem . C e l l  d i f f e r e n t i a t i o n  i s  marked i n  o ld e r  l e a f  p r im o rd ia , 
b u t n o t i n  th e  b r a c te o le s  and e a r ly  t e p a l s  c lu s te r e d  around th e  young 
f l o r a l  apex .
Che f l o r a l  apex has a  tu n ic a -c o rp u s  c o n f ig u ra t io n  (F ig . 1 5 ). 
U n lik e  th e  v e g e ta t iv e  apex , how ever, th e  f l o r a l  apex  i s  h ig h  convex 
th ro u g h o u t i n i t i a t i o n  o f  th e  f l o r a l  ap pendages. I t  i s  d u r in g  th e  
e a r ly  a c t i v i t y  o f  th e  f l o r a l  apex th a t  a p i c a l  c o n f ig u r a t io n  i s  l e a s t  
w e ll d e f in e d .  B ecause o c c a s io n a l p e r i c l i n a l  c e l l  d iv i s io n s  occu r i n  th e  
T2  l a y e r  o f  th e  f l o r a l  ap ex , th e  te rm  tu n ic a  i s  u sed  w ith  r e s e r v a t io n .
When f i r s t  r e c o g n iz a b le ,  th e  f l o r a l  apex  has  1-2 tu n ic a  la y e r s  
(T p  T2 ) and a  c o rp u s . D uring f l o r a l  d ev e lo p m en t, random p e r i c l i n a l  
c e l l  d iv i s io n s  ( a t  a rro w , F ig . 15) in  th e  s u r f a c e  and su b su rfa c e  la y e r s  
may o ccu r a t  any  p o in t  th ro u g h o u t th e  f l o r a l  apex  r a th e r  th a n  b e in g  
a s s o c ia te d  o n ly  w ith  i n i t i a t o r y  s i t e s .  Those f a r  down on th e  f la n k  
presum ably  p la y  a r o le  in  th e  i n i t i a t i o n  o f  th e  f l o r a l  app en d ag es; th e
r o le  of th o s e  n e a r  th e  summit i s  e n ig m a tic .
C e l l  s i z e  i n  th e  f l o r a l  apex d i f f e r s  s l i g h t l y  betw een tu n ic a  and
c o rp u s . C e l ls  o f  th e  tu n ic a  re g io n  av e ra g e  12ji long  by 9 .6 p w ide;
t h e i r  n u c le i  a v e ra g e  9.5y. long  by 8 .5 ji w id e . The c e l l s  o f  th e  corpus 
average 20/i lo n g  by 12ji w ide; t h e i r  n u c le i  a v e ra g e  9 .5 f i  long  by 7 .2 fi 
w ide. The th ic k n e s s  o f  th e  c e l l  w a lls  f o r  c e l l s  o f  b o th  re g io n s  i s  
abou t 2p. The p la n e  o f  c e l l  d iv i s io n ,  th e  c e l l  f i l e s ,  and th e  d eg ree  
o f  s t a i n a b i l i t y  o f  th e  n u c le i  and c y to p la sm , a id  in  d e l im i t in g  th e  two
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re g io n s  w ith in  an apex . The f l o r a l  apex in c re a s e s  in  b o th  w id th  
and h e ig h t  th ro u g h o u t appendage i n i t i a t i o n .  However, th e  c e l l s  o f  each 
o f  th e  two zones rem ain  e s s e n t i a l l y  c o n s ta n t  i n  s i z e .  T h e re fo re ,  i t  
i s  th e  in c re a s e  in  c e l l  num ber, e s p e c ia l ly  in  th e  c o rp u s , t h a t  acco u n ts  
f o r  th e  g r e a t e s t  in c re a s e  i n  th e  s iz e  o f  th e  apex  d u r in g  appendage 
i n i t i a t i o n .  As th e  apex in c r e a s e s  in  s i z e ,  c e l l  d iv i s io n s  th ro u g h o u t 
th e  s u b a p ic a l re g io n  o f  th e  a x is  add d e r iv a t iv e s  w hich b ro ad en  and 
h e ig h te n  th e  r e c e p ta c le  to  accommodate and su p p o rt th e  a p i c a l  dome 
and appendages. P la s to c h ro n ic  f l u c t u a t i o n ,  i f  i t  e x i s t s  i n  th e  flo w er 
o f  I l l i c i u m . cou ld  n o t be docum ented due to  th e  la rg e  number o f  
appendages b e in g  i n i t i a t e d  in  c lo s e  su c c e ss io n .
The f l o r a l  apex o f  I l l i c i u m  flo rid an u m  in c re a s e s  i n  s i z e  d u rin g  
th e  c e n t r i p e t a l  i n i t i a t i o n  o f  a l l  th e  f l o r a l  app en d ag es . B efo re  th e  
i n i t i a t i o n  o f  th e  f i r s t  15-17 s tam en s, th e  apex has in c re a s e d  in  
s i z e  to  a w id th  o f  ab o u t 375/1 and a h e ig h t  o f abo u t 140/1. A f te r  th e  
o n s e t  o f  th e  i n i t i a t i o n  o f  th e  f i r s t  15-17 stam ens, th e  apex in c re a s e s  
in  s iz e  to  a p p ro x im a te ly  450/1 h ig h  by 200/1 wide a t  th e  tim e o f  
i n i t i a t i o n  o f  th e  second s e r i e s  o f  15-17 stam ens. A f te r  th e  o n s e t o f  
i n i t i a t i o n  o f  th e  second stam en s e r i e s ,  th e  apex in c re a s e s  in  s i z e  to  
a  w id th  o f  abou t 425/1 and a  h e ig h t  o f  abou t 135/1 j u s t  b e fo re  th e  
s in g le  t i e r  o f  13 c a rp e ls  i s  i n i t i a t e d .
A f te r  th e  i n i t i a t i o n  o f  th e  13 c a r p e ls ,  an  a p i c a l  residuum  
p e r s i s t s  and c o n tin u e s  f u r t h e r  developm ent. From an i n i t i a l  s i z e  o f  
ab o u t 360/1 w ide by 105/1 h ig h , i t  in c re a s e s  to  a s i z e  o f  ap p ro x im a te ly  
500p w ide by 300/1 h ig h . S ubsequen t developm ent p ro d u ces  a p a p i l l a t e  
p r o c e s s , 500-600/1 h ig h , w hich e v e n tu a l ly  sloughs o f f .  T h is  p a p i l l a  was
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observed  to  b e a r  a  d r o p le t  o f  s e c r e t io n  in  l i v i n g  flow ers a t  a n th e s i s .  
W hile th e  p a p i l l a  i s  fo rm ing , an  i n t e r c a l a r y  m eris tem  forms a t  th e  
b ase  o f  th e  a p ic a l  residuum . T h is  new m e r is te m it ic  re g io n  p ro v id e s  
c e l l  d e r iv a t iv e s  t h a t  accommodate th e  a d a x ia l  expansion  o f  th e  
r e c e p ta c le  and c a r p e l s .  The a p ic a l  residuum  c o n ta in s  no v a s c u la r  
t i s s u e .  The developm ent o f  th e  f l o r a l  ap p endages, th e  a p ic a l  residuum , 
and th e  i n t e r c a l a r y  m eristem  i s  d e s c r ib e d  in  l a t e r  s e c t io n s .
B ra c ts  and B ra c te o le s
Throughout i t s  developm ent, an  in f lo r e s c e n c e  bud i s  su rrounded  
by 5-6  h e l i c a l l y  a r ra n g e d  b r a c t s  (F ig . 8 ) .  P h y llo ta x y  i s  2 /5  and in  
a  c lo ck w ise  a rrangem en t in  th e  p la n ts  in v e s t ig a t e d .  The b r a c t s  i n t e r ­
g rad e  in  s i z e ,  w ith  th e  o u te r  s h o r t  b r a c t  more m assive  th an  th e  in n e r  
long  one. Each o u te r  b r a c t  i s  7-9mm h ig h  and 3-5mm wide a t  i t s  b a s e , 
narrow ing  and p o in te d  d i s t a l l y .  Each in n e r  b r a c t  i s  ll-13mm h ig h  and 
2.5-4mm w ide, w ith  a  rounded t i p .  Each o f  th e  3 o u te r  b r a c t s  has a 
th ic k e r  c u t i c l e  th a n  th a t  o f  th e  in n e r  b r a c t s .  The 3 o u te r  b r a c t s  
have ep id erm al h a i r s  which a r e  h e a v i ly  c u t in iz e d ;  th e se  a re  n e a r ly  
a b se n t from  th e  in n e r  b r a c t s .
The v a s c u la tu r e  i n  a b r a c t  i s  v a r ia b le  and a  fu n c tio n  o f  th e  
le n g th  and w id th  o f  th e  b r a c t .  A c e n t r a l  m id v e in  p ro d u ces , a t  i n t e r v a l  
3-5 secondary  b ra n c h e s . D ichotom ies and anastom oses o ccu r o c c a s io n a l ly  
b u t n o t a s  f r e q u e n t ly  a s  in  th e  b r a c t e o le s .  The m ajor b ran ch es o f  th e  
v a s c u la tu r e  a r e  c o n c e n tra te d  i n  th e  c e n t r a l  r e g io n  o f  each b r a c t ,  
w ith  th e  m a rg in a l re g io n s  h av ing  few b ra n c h e s . The b r a c ts  u s u a l ly  
d rop  o f f  fo llo w in g  a n th e s i s .
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J!n th e  a x i l s  o f  th e  in n e r  b rac ts ,,, s in g le  f l o r a l  buds u s u a lly  
d ev e lo p . The o u te rm o st b r a c t  u s u a l ly  la ck s  a f lo w e r  (F ig . 8 ) .  Each 
f l o r a l  bud i s  sub tended  by 3 -6  h e l i c a l l y  a rran g ed  b r a c te o le s  (F ig . 8 , 
9 , 1 4 ). P h y llo ta x y  i s  2 /5  and in  a c lockw ise  d i r e c t i o n  in  th e  p la n ts  
in v e s t ig a te d .  The b r a c te o le s  a r e  a rranged  in  a lo w -p itc h e d  h e l ix ,  
w ith  th e  in n e r  ones in te r g r a d in g  w ith  th e  f i r s t  formed t e p a l s .  The 
b r a c te o le s  undergo p re c o c io u s  c e l l u l a r  d i f f e r e n t i a t i o n ,  compared to  
th e  te p a ls  (F ig . 1 4 ). B ra c te o le s  average 7mm in  le n g th  by 3mm in  
w id th , w ith  an o v a l-o b lo n g  o u t l i n e .  The v a s c u la tu re  c o n s i s t s  o f  a 
m idvein  and 2-3  seco n d ary  b ran ch e s  d iv e rg in g  a t  th e  b a s e . Numerous 
b ran ch es  p roduce a v a s c u la tu r e  t h a t  c o n s is ts  o f  as  many a s  10-12 
c lo s e ly  spaced  s t r a n d s .  The f i r s t  2-3 b ra c te o le s  u s u a l ly  f a l l  o f f  as 
th e  p e d ic e l  e lo n g a te s  a f t e r  f lo w e r in g , as  ev idenced  by s c a r s  on th e  
p e d ic e l ;  th e  rem ain in g  b r a c te o le s  s ta y  a t ta c h e d  to  th e  r e c e p ta c le  
d u rin g  p e d ic e l  e lo n g a tio n .  The o n to g e n e tic  developm ent o f  b r a c t s  and 
b r a c te o le s  was n o t s tu d ie d .
T ep a ls
E a rly  Ontogeny
The fo llo w in g  d e s c r ip t io n  o f  te p a l  developm ent i s  b ased  on 
o b s e rv a tio n s  o f  t e p a l s  i n i t i a t e d  a f t e r  th e  f l o r a l  apex  i s  c l e a r l y  
re c o g n iz a b le .  I t  was n o t p o s s ib le  to  d is t in g u is h  th e  e a r l i e s t  s ta g e  
o f  th e  f l o r a l  apex  from  th a t  o f  a  v e g e ta t iv e  apex. T h e re fo re ,  th e  
i n i t i a t o r y  e v e n ts  le a d in g  to  th e  fo rm atio n  o f  th e  f i r s t  few te p a ls  
have n o t been  d e te rm in e d , b u t a r e  presum ably s im i la r  to  th o s e  o f  th e  
l a t e r  t e p a l s .
T epal i n i t i a t i o n  b e g in s  w ith  one o r  more p e r i c l i n a l  d iv is io n s  
( a t  a rrow , F ig .  18) in  th e  su b su rfa c e  la y e r  low on th e  f la n k  o f  th e
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f l o r a l  apex ; o f te n ,  s e v e ra l  a d ja c e n t d iv i s io n s  i n  th e  ap p ea r n e a r ly  
s im u lta n e o u s ly . C e l ls  in  th e  im m ediate a re a  d iv id e  b o th  a n t i c l i n a l l y  
and p e r i c l i n a l l y ,  ad d in g  c e l l s  to  form a  p ro tu b e ra n c e  (F ig . 1 6 ). The 
te p a l  p rim o rd ia  a r e  i n i t i a t e d  in  h e l i c a l  s u c c e s s io n  on a  c o n s ta n t ly  
e n la rg in g  f l o r a l  ap ex . The e x a c t sequence o f  i n i t i a t i o n  among te p a ls  
was n o t d e te rm in e d . In  F ig u re  19 , a t r a n s v e r s e  s e c t io n  th ro u g h  a 
f l o r a l  bud, th e  f l o r a l  apex  i s  su rrounded  by fo u r  t e p a l s ,  one o f  which 
( a t  arrow ) i s  in  th e  e a r ly  s ta g e  o f  m arg in a l and subm arg inal grow th.
The in c re a s e  in  th e  h e ig h t o f  a te p a l  prim ordium  i s  i n i t i a l l y  
th e  r e s u l t  o f  g e n e ra l c e l l  d iv i s io n ,  w hich i s  soon augmented by th e  
a c t i v i t y  o f a p ic a l  and s u b a p ic a l i n i t i a l s .  T hese i n i t i a l s  o r ig in a te  
when a prim ordium  i s  ab o u t 50p h ig h . The a p i c a l  i n i t i a l  d iv id e s  only  
a n t i c l i n a l l y  and p ro v id e s  d e r iv a t iv e s  w hich p e r p e tu a te  th e  p ro toderm .
The su b a p ic a l i n i t i a l ,  w hich may d iv id e  e i t h e r  a n t i c l i n a l l y  o r  p e r i ­
c l i n a l l y ,  adds c e l l s  i n t e r n a l l y .  These d e r iv a t iv e s  d i f f e r e n t i a t e  
e v e n tu a lly  i n to  th e  i n t e r n a l  t i s s u e s  o f  th e  t e p a l .  When a  te p a l  has 
a t t a in e d  a h e ig h t  o f  70-80jx (F ig . 1 7 ), th e  d e r iv a t iv e s  o f  th e  su b a p ic a l 
i n i t i a l  have produced  an  a d a x ia l  and a b a x ia l hypoderm al l a y e r  and a 
m iddle la y e r  o f  2 -3  c e l l  la y e r s  in  th ic k n e s s .  I n  F ig u re  17, procambium 
has d i f f e r e n t i a t e d  i n  c o n t in u i ty  w ith  i t s  t r a c e  in  th e  r e c e p ta c le .  At 
a h e ig h t  o f  abo u t 350ji, th e  te p a l  has a m iddle l a y e r  4 -5  c e l l  la y e rs  
w ide, and an  a d a x ia l  and a b a x ia l  la y e r  each 2 c e l l  la y e r s  w ide, as  
seen  in  t r a n s v e r s e  s e c t io n  (F ig . 20 , 2 1 ) . By a  t e p a l  h e ig h t o f  750 — 
900fi, a t h i r d  c e l l  la y e r  has been added to  b o th  th e  a d a x ia l  and a b a x ia l 
re g io n s , a s  s e e n  in  t r a n s v e r s e  s e c t io n  (F ig . 22 , 2 3 ) .
Because th e  te p a ls  cu rv e  a d a x ia l ly  e a r ly  in  t h e i r  developm ent 
and because th ey  d i f f e r  in  u l t im a te  h e ig h t ,  i t  was d i f f i c u l t  to  d e term ine
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a t  what h e ig h t  th e  a p ic a l  and s u b a p ic a l  i n i t i a l s  cea se  to  f u n c t io n .  
C o n s e rv a tiv e ly , th e  a p ic a l  and s u b a p ic a l  i n i t i a l s  o f  a  te p a l  may be 
s a id  to  rem ain  a c t iv e  u n t i l  th e  t e p a l  re a c h e s  abou t 800p in  h e ig h t .
The young t e p a l  prim ordium  i s  a t  f i r s t  c y l in d r i c a l  i n  t r a n s ­
v e rs e  s e c t io n ;  i t  l a t e r  becomes l e a f l i k e  as a  r e s u l t  o f  th e  o r i g i n  and 
a c t i v i t y  o f  m arg in a l and sub m arg in a l i n i t i a l s .  As th e  h e ig h t  o f  th e  
te p a l  in c r e a s e s ,  c e l l  d iv i s io n  i s  more a c t iv e  a b a x ia l ly  th a n  a d a x ia l ly .  
T h is  in c re a s e d  c e l l  d iv i s io n  cau ses  th e  te p a l  to  cu rv e  a d a x ia l ly  
(F ig . 1 7 ) . T h is  c o n d i t io n  i s  o b s e rv a b le  to  a  te p a l  h e ig h t o f  ab o u t 
lOOOp, a t  w hich tim e  th e  t e p a l s  grow more e r e c t .  The a b a x ia l  c e l l s  o f  
th e  ground m eris tem  soon ap p ea r more v a c u o la te  o r  s t a i n  more l i g h t l y  
th a n  th e  rem ain d er o f  th e  p rim ordium  (F ig . 17 , 18, 2 1 ) .  L a te r  i n  
d evelopm en t, d a r k - s ta in in g  pigm ent acc u m u la tes  in  th e  e p id e rm is , and 
many o f  th e  c e l l s  o f  th e  a d a x ia l  and a b a x ia l  su b su rfa c e  la y e r s  (F ig .  2 5 ) .
Procambium Developm ent
The developm ent o f  procambium w ith in  a  te p a l  i s  a c r o p e ta l  and 
c o n tin u o u s . The procambium e n te r s  a  t e p a l  prim ordium  when th e  p r im o r­
dium i s  70-80p h ig h  (F ig . 1 7 ) . T hroughout th e  su b seq u en t en la rg em en t 
o f  th e  t e p a l ,  procambium e x te n d s  to  w i th in  50p o f  i t s  t i p .  Procambium 
e n te r s  a  t e p a l  prim ordium  in  c o n t in u i ty  w ith  a p rocam bial s t r a n d  i n  th e  
r e c e p ta c l e .  The number o f  b ran ch es  from  th e  median p rocam bia l s t r a n d ,  
and th u s  th e  f u tu r e  number o f  l a t e r a l  v a s c u la r  s t r a n d s ,  v a r ie s  
a c c o rd in g  to  th e  w id th  o f  th e  t e p a l .  The e x a c t sequence o f  fo rm a tio n  
f o r  th e  m inor p rocam bia l s tr a n d s  was n o t d e te rm in ed .
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V a s c u la r iz a t io n
The d i f f e r e n t i a t i o n  o f  xylem w ith in  a t e p a l  i s  i n i t i a l l y  d i s ­
c o n tin u o u s . The xylem  d i f f e r e n t i a t e s  f i r s t  in  th e  m id v e in , w ith  
xylem  in  th e  l a t e r a l  b ran ch e s  form ing s h o r t ly  t h e r e a f t e r .  The xylem  
d i f f e r e n t i a t e s  in  th e  lo w es t te p a l s  when th e y  a r e  abou t lOOOp h ig h .
This is late in floral development, after the carpels are initiated.
Once xylem is present in the outer tepals, the differentiation of 
xylem in the other appendages follows rapidly. The sequence of 
formation for the secondary branches of the midvein was not studied.
A lthough th e  m a te r ia l  was n o t s u i t a b le  f o r  d e t a i l e d  s tu d ie s  o f  
phloem developm ent, a few o b s e rv a t io n s  can  be made. S iev e  tu b e  
e lem en ts  a r e  f i r s t  v i s i b l e  a t  th e  same tim e  and le v e l  a s  th e  f i r s t  
xylem  e le m e n ts , in  th e  base  o f  each t e p a l .  Phloem ap p ea rs  to  d i f f e r ­
e n t i a t e  th ro u g h o u t th e  te p a l  a s  i t  e n la rg e s  a t  th e  same tim e  a s  xylem  
i s  d i f f e r e n t i a t e d .  The s ie v e  tu b e  e lem en ts  a re  q u i t e  narrow  and 
e lo n g a te ,  and la c k  th e  " n a c re "  o r  th ic k e n e d  w a ll  found in  some o th e r  
p r im i t iv e  R an a lian  ta x a  such a s  M agnolia and L ir io d e n d ro n .
Lamina Development
The developm ent o f  th e  lam ina o f  a  te p a l  i s  th e  r e s u l t  o f  th e  
a c t i v i t y  o f  m arg in a l and su b m arg in a l i n i t i a l s .  The m a rg in a l i n i t i a l s  
d iv id e  o n ly  a n t i c l i n a l l y  and p roduce d e r iv a t iv e s  t h a t  m a tu re  in to  th e  
e p id e rm is  o f  th e  t e p a l .  The su bm arg ina l i n i t i a l  d iv id e s  a n t i c l i n a l l y  
and p e r i c l i n a l l y ,  w ith  i t s  d e r iv a t iv e s  in c re a s in g  th e  w id th  o f  th e  
la m in a .
The m arg ina l and su b m arg in a l i n i t i a l s  o r ig in a te  when th e  te p a l  
promordium i s  abo u t 250p h ig h  (F ig . 1 9 ) . As d e r iv a t iv e s  o f  th e  m a rg in a l 
and subm arg inal i n i t i a l s  a r e  p ro d u ced , th e  shape o f  th e  t e p a l ,  a s  seen
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in  t r a n s v e r s e  s e c t io n ,  changes from c i r c u l a r  to  e l l i p s o i d a l  (F ig . 20, 
2 1 ) . F u r th e r  developm ent p roduces a  c re s c e n t-sh a p e d  lam ina (F ig . 2 2 ) .
In  l a t e r  te p a l  developm ent (F ig . 2 2 -2 4 ), th e  te p a l  w idens b u t 
rem ains ap p ro x im a te ly  th e  same th ic k n e s s .  M arg inal i n i t i a l s  c o n tin u e  
to  f u n c t io n  a f t e r  th e  subm arg inal i n i t i a l  becomes in a c t iv e ,  p roducing  
a  t h i n  m arg in  2 c e l l s  th ic k  ( a t  M, F ig . 2 2 -2 4 ). The th in  m argins a re  
more pronounced in  th e  o u te rm o st t e p a l s  (F ig . 2 4 ).
A lthough when m ature th e  te p a ls  d i f f e r  in  le n g th ,  w id th , and 
sh ap e , no e a r ly  developm enta l d i f f e r e n c e s  a r e  observed  among th e  
t e p a l  p r im o rd ia . B ecause th e  t e p a l s  in te r g r a d e  from  o u te r ,  w ide te p a ls  
to  in n e r ,  narrow  o n es , th e  d u ra t io n  o f  a c t i v i t y  f o r  b o th  m arg in a l 
and su b m arg in a l i n i t i a l s  can be assumed to  be th e  m ain v a r ia b le  
f a c t o r  r e s p o n s ib le .  M aturing  te p a ls  (F ig . 25) a re  com prised m ostly  
o f  h ig h ly  v a c u o la te  parenchyma, w ith  s c a t t e r e d  d a r k - s ta in in g  pigm ented 
c e l l s .  The v a s c u la tu r e  in  th e  te p a l  in  F ig u re  25 i s  no t w e ll formed 
a t  t h i s  s ta g e  o f  developm ent.
Stamens
E a r ly  Ontogeny
A t th e  b eg in n in g  o f  th e  stam en i n i t i a t i o n ,  th e  f lo r a l  apex i s  
ab o u t 375ji w ide and 140p  h igh  (F ig . 2 6 ) . A lthough th e  30-35 stam ens 
ap p ea r h e l i c a l l y  a rra n g e d  (F ig . 1 0 ) , th e y  a r e  r e f e r r e d  to  two " s e r ie s "  
f o r  co nven ience  in  t h i s  s tu d y . U su a lly  2 ( r a r e l y  3) stam en p rim o rd ia  
a re  p r e s e n t  in  a  f la n k  in  median lo n g is e c t io n ;  th e  ou te rm o st i s  p a r t  
o f  th e  f i r s t  s e r i e s ,  and th e  inn erm o st i s  p a r t  o f  th e  second s e r i e s .
The f i r s t  15-17 stam en p rim o rd ia  a r e  i n i t i a t e d  in  h e l i c a l  su c c e s s io n  
on th e  f la n k s  o f  th e  f l o r a l  apex  as  ev id en ced  by t r a n s s e c t io n a l  view s
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(F ig . 10 , 2 9 ) . The la s t- fo rm e d  te p a l  p r im o rd ia  a re  80-100p h igh  
when the. f i r s t  stam ens a r e  i n i t i a t e d .  J u s t  p re c e d in g  i n i t i a t i o n  
o f  th e  second s e r i e s ,  th e  apex i s  450p w ide and 200p h ig h  (F ig . 2 7 ).
As th e  second 15-17 stam en p rim o rd ia  a re  i n i t i a t e d  in  h e l i c a l  
s u c c e s s io n , th ey  l i e  a p p ro x im a te ly  a l t e r n a t e  i n  p o s i t io n  w ith  p re v io u s ly  
i n i t i a t e d  stam ens (F ig . 3 0 ) . A f te r  i n i t i a t i n g  th e  l a s t  stamen 
p r im o rd ia , th e  f l o r a l  apex i s  abou t 370p w ide and 135p  h ig h . At 
t h i s  tim e , th e  l a s t  formed te p a l s  a re  abo u t 175p h ig h .
The i n i t i a t i o n  and ontogeny o f  th e  30-35 stam en p rim o rd ia  i s  
s im i la r  f o r  a l l ;  th e r e f o r e ,  th e  subsequen t d is c u s s io n  a p p lie s  to  th e  
developm ent o f  any  o f  th e  stam en p r im o rd ia . A stam en prim ordium  i s  
i n i t i a t e d  by a  p e r i c l i n a l  c e l l  d iv i s io n  in  th e  su b su rfa c e  la y e r  low 
on th e  f la n k  o f  th e  f l o r a l  apex ( a t  a rro w * in  F ig . 2 7 ). C e lls  in  th e  
i n i t i a t o r y  a r e a ,  which o f te n  s t a i n  more in t e n s e ly  th a n  su rround ing  
c e l l s ,  d iv id e  i n  v a r io u s  p la n e s  and produce a  p ro tu b e ra n c e  (F ig . 31,
3 2 ) .
A stam en prim ordium  in c re a s e s  in  h e ig h t  by lo c a l iz e d  c e l l  
d iv i s io n s  a t  i t s  t i p  u n t i l  i t  i s  40-50ji h ig h  (F ig . 28 , 31, 3 2 ). The 
a p ic a l  and s u b a p ic a l i n i t i a l s  o r ig in a te  when a  stam en prim ordium  i s  
40-50p h igh  ( a t  arrow  i n  F ig .  3 3 ). They c o n tin u e  a p ic a l  growth o f  th e  
stam en prim ordium  u n t i l  i t  i s  400-450p h ig h , when th e  a p ic a l  i n i t i a l s  
c e a se  to  fu n c t io n .  The a p ic a l  i n i t i a l  d iv id e s  o n ly  a n t i c l i n a l l y  and 
g iv e s  r i s e  to  th e  p ro toderm  o f  th e  stam en. The s u b a p ic a l i n i t i a l  
d iv id e s  bo th  a n t i c l i n a l l y  and p e r i c l i n a l l y  and g iv e s  r i s e  to  th e  
i n t e r n a l  t i s s u e  o f  th e  stam en.
A stam en prim ordium  i s  r a th e r  b lu n t  a p i c a l l y ,  w h ile  te p a ls  a re  
more p o in te d . As a  stam en prim ordium  in c re a s e s  in  h e ig h t ,  i t  cu rves
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a d a x ia l ly ,  s im i la r  to  a  te p a l  prim ordium  (F ig . 3 4 ) . On th e  stam en a t  
f a r  r ig h t  in  F ig u re  34 , th e  ground m eristem  c e l l s  on th e  a b a x ia l  s id e  
o f  th e  stam en have begun to  d i f f e r e n t i a t e  and e n la r g e .  T h is  stam en i s  
c u t  m ed ian ly , so th e  procambium i s  shown w ith in  th e  b a se  o f  th e  stam en.
Procambium Development
The developm ent o f  procambium in  a stam en i s  a c r o p e ta l  and 
co n tin u o u s  in  a l l  s tam ens. A s in g le  p rocam bial s tr a n d  i s  a t  th e  base  
o f  a  stam en prim ordium  when th e  prim ordium  i s  25-30 ji h ig h  (F ig . 35,
3 6 ) ; procambium d i f f e r e n t i a t e s  i n  a prim ordium  when i t  i s  ab o u t 50ji 
h ig h . The procambium e n te r s  from s tra n d s  in  th e  r e c e p ta c le  w hich have 
d i f f e r e n t i a t e d  above th e  l e v e l  o f  th e  t e p a l s .  A common sympodium
may su p p ly  a te p a l  and a stam en o f  th e  second s e r i e s  ( a t  arrow  in  F ig .
3 7 ) . F i r s t  and second s e r i e s  stam en p rim o rd ia  may a l s o  have a  common 
sympodium. The p ro cam b ia l s t r a n d  ex tends to  w ith in  50p. o f  th e  t i p  o f  
th e  d ev e lo p in g  stam en.
Va s c u la r iz a t io n
The d i f f e r e n t i a t i o n  o f  xylem  w ith in  stam ens o f  b o th  le v e ls  
i : : i n i t i a l l y  d is c o n t in u o u s . The xylem d i f f e r e n t i a t e s  in  stam ens o f  
th e  f i r s t  s e r ie s  when th e y  a r e  abo u t 400ji h ig h  (F ig . 4 2 ) . The d i f f e r ­
e n t i a t i o n  o f  xylem in  th e  stam ens o f  th e  second s e r i e s  a l s o  o ccu rs  
when th ey  a re  about 400ji h ig h .
The phloem d i f f e r e n t i a t e s  i n  th e  stam en a t  abou t th e  same tim e 
a s  th e  xylem a t  any one l e v e l .  The q u e s tio n  o f  i n i t i a l  c o n t in u i ty  
was no t re so lv e d .
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M icro sp o ro g en as is
M ature stam ens a re  r e d ,  w ith  a  b roadened  f i la m e n t and a  4 -  
s p o ra n g ia te ,  i n t r o r s e l y  l a t e r a l  a n th e r  (F ig . 38, 4 1 ) . The b ro ad en in g  
o f  th e  stam en d u rin g  developm ent i s  th e  r e s u l t  o f  g e n e ra l c e l l  d iv i s i o n  
and d i f f e r e n t i a l  en la rg em en t; no s p e c ia l i z e d  m arg in a l and subm arg ina l 
i n i t i a l s  w ere ob serv ed  in  th e  stam en . (Compare F ig .  39 , 4 0 ) .
When a stam en i s  abo u t 400ji h ig h , sporogenous c e l l s  form in  
th e  re g io n s  o f  th e  a n th e r .  T here  a r e  2 sporogenous re g io n s  formed in  
F ig u re  43 . F ig u re  42 shows th e s e  a r e a s  in  lo n g i tu d in a l  s e c t io n .  In  
F ig u re  4 4 , a t r a n s v e r s e  s e c t io n  th ro u g h  th e  d ev e lo p in g  a n th e r  o f  a 
stam en , a  sporogenous c e l l  ( a t  arrow ) i s  su rrounded  by a  s in g le  p a r i e t a l  
l a y e r .  The re p e a te d  d iv is io n s  o f  th e  sporogenous c e l l s  th ro u g h  th e  
a n th e r  re g io n  p roduce a  v e r t i c a l  column o f  sp o re  m other c e l l s  3 -5  c e l l s  
a c r o s s .  These re g io n s  o f  sporogenous c e l l s  a re  seen  in  t r a n s v e r s e  
s e c t io n  i n  F ig u re  4 5 , 46. W ith th e  r e p e a te d  p e r i c l i n a l  d iv i s io n s  o f  
th e  c e l l s  o f  th e  p a r i e t a l  l a y e r ,  each  g roup o f  sporogenous c e l l s  
becomes su rro u n d ed  by a  m u l t i - la y e re d  p a r i e t a l  t i s s u e  (F ig . 45 , 4 6 ) .
The in n e r  c e l l  la y e rs  o f  th e  p a r i e t a l  t i s s u e  e v e n tu a lly  d i f f e r e n t i a t e  
as  th e  w a ll  o f  th e  p o l le n  cham ber. P r i o r  to  th e  f i r s t  m e io tic  d iv i s i o n ,  
th e  sp o re  m other c e l l s  s e p a ra te  from  t h e i r  p re v io u s ly  c lu s t e r e d  
arran g em en t (F ig . 47 , 4 8 ) .
The d iv i s io n  o f  th e  sp o re  m other c e l l s  i n  m ic ro sp o ro g e n es is  i s  
s im u ltan e o u s  and fo llo w s  th e  r e g u la r  m e io tic  sequence . W ith th e  f i r s t  
m e io tic  d iv i s i o n ,  a  dyad i s  formed (F ig . 4 9 ) . The second m e io tic  
d iv i s i o n  p roduces a  t e t r a d  (F ig . 5 0 ) . P r i o r  to  s e p a ra t io n ,  th e  
cy to p lasm  s h r in k s  from th e  w a lls  o f  th e  t e t r a d  c e l l s  (F ig . 5 1 , 5 2 ) .
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With th e  s e p a r a t io n  o f  th e  m ic ro sp o re s , each  becomes t r i c o l p a t e ,  w ith  
th r e e  e x te r n a l  g rooves and a  sp in y  e x in e . The p o l le n  in  F ig u re s  39-41 
ap p ea r c o l la p s e d ,  b u t t h i s  i s  an  a r t i f a c t .  A d iv i s io n  o f  th e  n u c le u s  
and c y to k in e s is  p roduces a 2 - c e l le d  p o l le n  g r a in  a t  th e  tim e o f  
d i s p e r s a l .
A n th er W all D evelopm ent
As p o l le n  developm ent p ro c e e d s , th e  la y e r s  o f  th e  a n th e r  w a ll  
a re  m a tu r in g . A t m a tu r i ty ,  th e  a n th e r  w a ll c o n s is t s  o f :  e p id e rm is ,
endo theclum , one to  s e v e ra l  m idd le  l a y e r s ,  and a tapetum  (F ig . 5 2 ) .
The tapetum  form s from  th e  in n e r  l a y e r  o f  th e  p a r i e t a l  t i s s u e  (F ig . 45) 
r a r e l y ,  i t  i s  i r r e g u l a r l y  2 - la y e re d .  D uring  p o l le n  m a tu ra tio n , th e  
m iddle la y e r s  o f  th e  w a ll  o f  th e  p o l le n  cham ber a r e  g ra d u a l ly  c ru sh ed  
and th e  c e l l s  o f  th e  e n d o th e c ia l la y e r  in c re a s e  in  s iz e  (F ig . 4 6 -5 2 ) .
D ehiscence
P o lle n  g r a in s  m ature  w ith in  th e  p o l le n  cham ber b e fo re  a n th e s i s  
i r  M arch. D eh iscence  o f  th e  a n th e r  o ccu rs  e i t h e r  s l i g h t l y  b e fo re  
flo w ers  open o r  v e ry  soon t h e r e a f t e r .  O b se rv a tio n s  o f  f lo w ers  d u r in g  
a n th e s i s  r e v e a l  t h a t  th e  s t ig m a tic  a re a s  o f  a l l  c a rp e ls  a re  r e f le x e d  
a b a x ia l ly .  The s tam ens, w ith  t h e i r  d e h is c in g  a n th e r s ,  a r e  o f te n  e r e c t  
and i n  c lo se  p ro x im ity  to  th e  a t te n u a te d ,  r e f le x e d  s t ig m a tic  s u r fa c e s  
o f  th e  c a r p e l s .  P o l l i n a to r s  w ere n o t o b se rv ed .
Carpels
I n i t i a t i o n
At i n i t i a t i o n  o f  th e  c a r p e l s ,  th e  f l o r a l  apex i s  ap p ro x im a te ly  
425p w ide and 135j i  h ig h . A t th e  i n i t i a t i o n  o f  th e  c a rp e l  p r im o rd ia ,
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each stam en o f  th e  second t i e r  i s  ab o u t 140p h ig h , and each  stam en o f  
th e  f i r s t  t i e r  i s  abou t 180p h ig h . The m ost r e c e n t ly  form ed te p a ls  
a re  500-600p h ig h .
The 13 c a rp e l  p r im o rd ia  a re  i n i t i a t e d  v e ry  c lo s e ly  in  tim e and 
le v e l  in  each  f lo w e r . I n  F ig u re  53 , a lo n g i tu d in a l  s e c t io n  th rough  
th e  f l o r a l  ap ex , two a d ja c e n t  p e r i c l i n a l  c e l l  d iv i s io n s  ( a t  arrow ) 
a r e  p re s e n t  in  th e  second la y e r  low on th e  l e f t  f la n k .  C o n s id e ra b le
c e l l  d iv i s io n  o ccu rs  a t  th e  i n t i a t o r y  s i t e  to  a d ep th  o f  5 -6  c e l l
la y e r s  (F ig . 54 , 55) b e fo re  a  p ro tu b e ra n c e  form s. The c a r p e l  i n i t i a l s  
and t h e i r  im m ediate d e r iv a t iv e s ,  soon produce a  p ro tu b e ra n c e  (F ig . 55, 
5 7 ) . One in d i c a t io n  a g a in s t  w horled  i n i t i a t i o n  i s  th a t  c a rp e ls  d i f f e r  
in  h e ig h t a t  a v e ry  e a r l y  s ta g e ,  a lth o u g h  th e s e  d i f f e r e n c e s  d is a p p e a r  
l a t e r  on . E v idence s u g g e s ts  t h a t  c a rp e l  i n i t i a t i o n  i s  r a p id ;  in  
F ig u re  56 , a l l  th e  c a r p e l  p r im o rd ia , as  viewed in  t r a n s v e r s e  s e c t io n ,  
a r e  in  one p la n e  o f  s e c t io n .
C a rp e l M a tu ra tio n
The in c re a s e  i n  th e  h e ig h t o f  a  c a rp e l  to  50-60p i s  th e  r e s u l t  
o f  a m e ris te m a tic  re g io n  a t  th e  d i s t a l  end o f  th e  d ev e lo p in g  c a rp e l .
A t a h e ig h t  o f  ab o u t 60p ( a t  arrow  in  F ig .  5 7 ) , a  c a rp e l dev e lo p s a
s u b a p ic a l i n i t i a l .  The s u b a p ic a l i n i t i a l  d iv id e s  b o th  a n t i c l i n a l l y  
and p e r i c l i n a l l y ,  w ith  th e  d e r iv a t iv e s  add ing  to  th e  i n t e r n a l  re g io n s  
o f  th e  c a rp e l  th ro u g h o u t i t s  e a r ly  g row th . When th e  c a rp e l  a t t a i n s  a 
h e ig h t o f  8 0 0 - 1 0 0 0 1^ , th e  a c t i v i t y  o f  th e  a p ic a l  and s u b a p ic a l i n i t i a l s  
a re  no lo n g e r o b served  a s  o th e r  m eris tem s become a c t iv e .
The grow th o f  th e  young c a rp e l  i s  i n i t i a l l y  outw ard and th e n  
upward (F ig . 57 , 5 8 ) . To a h e ig h t o f  abo u t 300-350p, d i f f e r e n t i a l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
grow th th ro u g h o u t th e  c a r p e l ,  augmented by m arg inal and subm arg inal 
a c t i v i t y ,  p roduces an  e lo n g a te ,  b a s a l ly  expanded s t r u c tu r e  (F ig . 5 9 ) .
P r io r  to  th e  i n i t i a t i o n  o f  m arg in a l and subm arginal a c t i v i t y ,  
a c a r p e l  i s  c y l in d r i c a l  to  o v a l in  t r a n s v e r s e  s e c t io n  th rough  
m ost o f  i t s  le n g th  (F ig . 6 0 ). A t t h i s  s ta g e  i n  developm ent, th e  
c a rp e l  i s  w idening  b a s a l ly  by g e n e ra l iz e d  c e l l  d iv i s io n .  Throughout 
f l o r a l  developm ent, th e  r e c e p ta c le  in c re a s e s  in  s iz e  and accommodates 
th e  i n i t i a t i o n  and expansion  o f  a l l  th e  f l o r a l  appendages.
D uring th e  i n i t i a l  in c re a s e  i n  th e  h e ig h t  o f  a  c a r p e l ,  an 
a t te n u a te d  t i p  i s  p roduced . O ften  th e  c e l l s  a long  th e  d i s t a l ,  
a d a x ia l  s u r fa c e  o f  th e  c a rp e l  d iv id e  f a s t e r  th a n  c e l l s  on th e  a b a x ia l  
s id e .  T h is  p r e f e r e n t i a l  c e l l  d iv i s io n  cau ses  th e  t i p  to  cu rv e  a b a x ia l ly .  
D uring  th e  rem ain d er o f  c a rp e l  and f r u i t  developm ent, a c a rp e l  o f te n  
r e t a i n s  t h i s  s m a ll ,  recu rv ed  t i p .
When a c a rp e l  i s  ab o u t 150-200p h ig h , ( a t  arrow s in  F ig . 6 0 ) , 
m a rg in a l and subm arg inal i n i t i a l s  o r ig i n a t e .  Through d i f f e r e n t i a l  
g row th , th e  a d a x ia l  m argins o f  each c a rp e l  become fo ld e d  th ro u g h  th e  
g r e a t e r  p a r t  o f  i t s  le n g th .  By a p p re s s io n  o f  th e  a d a x ia l  s u r f a c e s ,  
th e  c a rp e l  becomes c o n d u p lic a te  (F ig . 6 1 ) . Throughout c a rp e l  d ev e lo p ­
m ent, th e  c o n d u p lic a te  m argins i n  th e  d i s t a l  re g io n  a re  ap p re ssed  
b u t n o t fu sed  (F ig . 6 1 -6 3 ).
D uring th e  a p p re s s io n  o f  th e  c a rp e l  m arg in s , f u r th e r  expansion  
c o n tin u e s  a s  a  r e s u l t  o f  lo c a l iz e d  c e l l  d iv i s io n s  th ro u g h o u t th e  
c a r p e l .  G en era lized  c e l l  d iv i s io n s  i n  th e  a d a x ia l  and a b a x ia l re g io n s  
o f  th e  c a r p e l  expand i t  r a d i a l l y ,  as  seen  in  t r a n s v e r s e  s e c t io n  
(F ig . 6 1 -6 3 ). P r io r  to  th e  i n i t i a t i o n  o f  th e  o v u le , a d a x ia l  p la t e  
m eris tem s form  in  th e  ap p re ssed  c a r p e l  m argins (F ig . 6 4 ). The
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p e r i c l i n a l  c e l l  d iv i s io n s  w ith in  t h i s  p l a t e  m eris tem  b u ild  up th e  
b a s a l  p a r t  oE th e  a d a x ia l s u r fa c e  o f  each c a rp e l  m argin . The 
ex p an sio n  c o n tin u e s  th rough  m a tu ra tio n  o f  th e  c a rp e l  in  f r u i t  d ev e lo p ­
m ent. The f u r th e r  developm ent o f  th e  c a rp e l  i s  d e sc r ib e d  in  a  l a t e r  
s e c t io n  on f r u i t  m a tu ra tio n .
C a rp e l la ry  V a sc u la tu re
The v a s c u la tu re  g ro u n d -p lan  o f  a  c a rp e l  i s  on ly  p a r t i a l l y  
com plete  a t  a n th e s i s ;  th e  v a s c u la tu r e  becomes f u r th e r  m od ified  d u rin g  
f r u i t  developm ent. P r io r  to  a n t h e s i s ,  th e re  i s  a s in g le  d o rs a l  
s t r a n d  t h a t  ex tends to  w ith in  a s h o r t  d is ta n c e  o f  th e  t i p  o f  th e  
c a r p e l .  Two secondary  b ran ch es  d iv e rg e  from  th e  d o r s a l  s tra n d  c lo se  
to  th e  base  o f  th e  c a r p e l .  Each b ran ch  fo llo w s  th e  a b a x ia l s id e  o f  
th e  c a r p e l  and te rm in a te s  midway up th e  s t y l e .  The degree o f  
c u rv a tu re  i s  more pronounced as th e  c a r p e l  m a tu res  in  f r u i t  developm en t.
The o v u le , and th e  su b seq u en t m a tu rin g  se e d , a re  su p p lie d  
d i r e c t l y  by a t  l e a s t  one o v u la r  b ran ch  t h a t  te rm in a te s  in  th e  fu n ic u lu s  
a t  th e  b ase  o f  th e  h y p o s ta se . The m ain o v u la r  s tr a n d  d iv e rg e s  from 
th e  f i r s t  v e n t r a l  s tra n d .
Each o f  th e  2 v e n t r a l  s tr a n d s  b ran ch  c lo s e  to  th e  c a rp e l 
b a s e . The v e n t r a l  s tr a n d s  and t h e i r  b ran ch es  ex ten d  along  th e  
a d a x ia l  s u r fa c e  and te rm in a te  in  th e  s t ig m a tic  re g io n  o f  th e  c a r p e l .  
M inor b ran ch es from th e  v e n t r a l  s t r a n d s  cu rv e  and te rm in a te  in  th e  
r e g io n  o f  th e  p resum ptive  seed  p r i o r  to  f lo w e r in g . The v a s c u la tu r e ,  
a t  th e  tim e o f  f lo w e r in g , i s  shown i n  th e  c le a r e d  c a rp e l  in  F ig u re  65 
and 66.
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A t th e  tim e o f  f lo w e r in g , th e  v a s c u la tu r e  o f  a  c a rp e l  i s  
in c o m p le te ly  form ed. Subsequent to  a n th e s i s  in  M arch, and u n t i l  
O c to b er, when f r u i t  developm ent i s  com pleted , th e  v a s c u la tu r e  i s  
augm ented by new b ra n c h e s . Comparison can  be made betw een th e  
v a s c u la tu r e  i n  th e  c a r p e ls  i n  F ig u re s  65 and 66 , w hich a r e  a t  
f lo w e rin g  in  M arch, w ith  th e  June v a s c u la tu r e  i n  th e  young f o l l i c l e s  
in  F ig u re s  67 and 68 . As th e  g r e a t e s t  ex p an sio n  o f  th e  c a r p e ls  
o ccu rs  a f t e r  f lo w e r in g , th e  v a s c u la tu re  changes as th e  c a rp e ls  
in c re a s e  i n  s i z e .
As th e  c a r p e l  expands d u rin g  f r u i t  developm ent, th e r e  i s  an  
o c c a s io n a l b i f u r c a t i o n  o f  th e  d o r s a l  s t r a n d  in  th e  re g io n  o f  th e  
s t y l e .  A d d it io n a l  b ra n c h e s  may a ls o  d iv e rg e  from  th e  m ajo r secondary  
b ranches o f  th e  d o r s a l  s tr a n d . T hese, as  w ith  much o f  th e  v a s c u la tu r e  
form ing from  th e  d o r s a l  s t r a n d ,  re c u rv e  s t ro n g ly  and te rm in a te  c lo s e  
to  th e  d e v e lo p in g  s e e d . R a re ly , th e re  a r e  m inor anastom oses betw een 
th e  s m a l le r ,  seco n d ary  b ran ch es  and th a t  o f  th e  d o r s a l  s t r a n d .  As 
w ith  th e  b ran ch es  o f  th e  d o r s a l  s t r a n d ,  o v u la r  b ran ch e s  may r a r e l y  
produce one o r  two m inor b ra n c h e s . D uring th e  m a tu ra t io n  o f  th e  
c a rp e l  in  f r u i t  deve lo p m en t, each v e n t r a l  s t r a n d  p ro d u ces  a d d i t io n a l  
m inor b ran ch es  c lo s e  to  i t s  b a se . These b ran ch e s  in c r e a s e  i n  number 
as  th e  b ase  o f  th e  a d a x ia l  su rfa c e  o f  each  c a rp e l  i s  expand ing .
S e v e ra l m inor b ra n c h e s  o f  th e  v e n t r a l  s t r a n d s  cu rv e  and te rm in a te  
c lo s e  to  th e  m a tu rin g  se e d . The v a s c u la tu r e  i n  a c a r p e l ,  th e r e f o r e ,  
d ev e lo p s  to  i t s  g r e a t e s t  e x te n t  d u rin g  f r u i t  and seed  developm ent.
Seed p re se n c e  i s  n o t ,  how ever, a  p r e r e q u i s i t e ,  s in c e  much o f  th e  
v a s c u la tu r e  s t i l l  form s in  c a rp e ls  c o n ta in in g  a b o r t iv e  se e d s .
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Procanibium Development
The developm ent o f  procambium w ith in  a c a rp e l  i s  a c ro p e ta l  
and c o n tin u o u s . The procambium i s  s i tu a te d  im m ed ia te ly  below a 
c a rp e l  p rim ord ium  when i t  i s  ab o u t 50ji h ig h  (F ig . 6 9 ) . I t  develops 
w ith in  th e  prim ordium  when i t  i s  70-80p h ig h  (F ig . 7 0 ) . I t  con­
t in u e s  to  d ev e lo p  w ith in  ab o u t 45}i o f  th e  t i p  o f  a  c a rp e l  as  th e  
c a rp e l  e n la r g e s  (F ig . 7 1 ) . Procambium forms f i r s t  i n  th e  median 
d o r s a l  s t ra n d  and i t s  b ra n c h e s . The procambium developm ent th en  
p ro ceed s a c r o p e t a l l y  i n  th e  o v u la r  and v e n t r a l  s t r a n d s .  The e x a c t 
sequence o f  p ro cam b ia l developm ent f o r  th e  numerous b ran ch es  o f  th e  
d o r s a l  s t r a n d  and th e  two v e n t r a l  s t r a n d s  was n o t s tu d ie d .
V a s c u la r iz a t io n
The fo rm a tio n  o f  xylem w i th in  a  c a rp e l  i s  i n i t i a l l y  d is c o n ­
t in u o u s .  The xylem  d i f f e r e n t i a t e s  w ith in  th e  c a r p e l s ,  a f t e r  members 
o f  th e  second stam en le v e l  have been  v a s c u la r iz e d .  A c a rp e l  i s  300- 
350ji h ig h  when xylem  b e g in s  to  develop  w ith in  i t .
Xylem d i f f e r e n t i a t e s  f i r s t  i n  th e  d o r s a l  s t r a n d  (F ig . 7 1 ). 
D i f f e r e n t i a t i o n  o f  xylem  i n  th e  d o r s a l  s t r a n d  ex ten d s  to  w ith in  a 
s h o r t  d is ta n c e  o f  th e  t i p  o f  th e  c a r p e l .  The d i f f e r e n t i a t i o n  o f  
xylem  in  th e  seco n d ary  b ran ch es  o f  th e  d o rs a l  s t r a n d  o ccu rs  s h o r t ly  
t h e r e a f t e r .  Xylem th e n  d i f f e r e n t i a t e s  a c r o p e ta l ly  to  th e  v e n t r a l  
s tra n d s . Xylem su p p ly in g  th e  r e g io n  o f  th e  o v u le  i s  seen  i n  F ig u re  
72. Subsequen t to  f lo w e r in g  in  M arch, d u rin g  f r u i t  developm ent, 
xylem  d i f f e r e n t i a t i o n  becomes much more e x te n s iv e  th ro u g h o u t th e  
c a rp e l  (F ig . 67 , 6 8 ).
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I n i t i a l  phloem  d i f f e r e n t i a t i o n  was n o t determ ined  f o r  th e  
c a r p e l .  S iev e  tu b e  e lem en ts  a re  d i f f e r e n t i a t e d  u s u a l ly  a t  th e  
same le v e l  as t r a c h e a r y  e lem en ts in  th e  c a rp e l  a t  any one tim e .
Ovule Development
When th e  c a r p e l  i s  app rox im ate ly  300-350ji h ig h , a s o l i t a r y  
o v u le  i s  i n i t i a t e d .  The o vu le  o r ig in a te s  m edian ly  a t  th e  a d a x ia l  
base  o f  th e  c a r p e l .  The i n i t i a t o r y  s i t e  i s  a x i l l a r y  in  p o s i t io n .
I t  i s  betw een , b u t  n o t  a t ta c h e d  to ,  th e  a p p re sse d  m argins o f  th e  
c a r p e l ;  i . e . ,  th e  a p p re s se d  c a rp e l  m argins su rround  and o v e rto p  
th e  i n i t i a t e d  o v u le . The i n i t i a l  in c re a s e  i n  s iz e  o f  th e  prim ordium  
i s  th e  r e s u l t  o f  g e n e ra l  c e l l  d iv i s io n  th ro u g h o u t (F ig . 73, 7 4 ) .
At a h e ig h t  o f  a b o u t 80p (F ig . 75) a s u b a p ic a l  i n i t i a l  o r ig in a te s  
i n  th e  o v u le  and augm ents f u r t h e r  grow th .
The o r i e n t a t i o n  o f  th e  o v u le  i s  e r e c t  d u rin g  th e  i n i t i a t i o n  
and e a r ly  developm ent o f  th e  m egaspore and th e  2 in teg u m en ts .
D uring m eg asp o ro g en es is , th e  o vu le  bends downward and i s  co m p le te ly  
in v e r te d ,  in  a n a tro p o u s  p o s i t i o n ,  d u rin g  th e  developm ent o f  th e  
m egagam etophyte (F ig . 8 7 ) . Procambium form s w ith in  th e  fu n ic u lu s  
when an o v u le  i s  a b o u t 100-120^1 h ig h  (F ig . 6 4 ) . I t  ex ten d s to  th e  
b ase  o f  th e  h y p o s ta s e  d u r in g  th e  developm ent o f  th e  ovu le  (F ig . 8 7 ). 
Xylem e v e n tu a l ly  d i f f e r e n t i a t e s  to  th e  b ase  o f  th e  h y p o s ta se . As 
o v u la r  developm ent c o n t in u e s ,  a  p l a t e  m eris tem , formed a long  th e  
a d a x ia l s u r fa c e  o f  th e  a p p re sse d  c a rp e l m a rg in s , adds c e l l  d e r iv a ­
t io n s  t h a t  b u i ld  up th e  m argins (F ig . 6 4 ) . Throughout developm ent 
th e  c a rp e l  m arg ins su rro u n d  th e  o v u le  and form , by t h e i r  a p p re s s io n ,
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a u n i lo c u la r  re g io n  w ith in  which th e  ovu le  d ev e lo p s . Throughout 
c a rp e l developm ent, fu s io n  o f  th e  ap p ressed  m argins does no t o c c u r.
The ovu le  i s  b ite g m ic . The in n e r  in tegum ent forms f i r s t ,  and 
i s  p ro to d erm al in  o r ig in .  P r io r  to  i n i t i a t i o n  o f  th e  in n e r  in teg u m en t, 
th e  c e l l s  o f  th e  p ro toderm al la y e r  e lo n g a te  a n t i c l i n a l l y ,  w ith  r e s p e c t  
to  th e  m ain a x is  o f  th e  o vu le  (F ig . 8 1 ). The o u te r  in tegum ent forms 
on th e  a d a x ia l  s id e  o f  th e  ovu le  by p e r i c l i n a l  d iv is io n s  in  th e  second 
la y e r .  In  F ig u re  81 , a s in g le  p e r i c l i n a l  c e l l  d iv i s io n  i s  w ith in  th e  
p la n e  o f  s e c t io n  a t  th e  l e f t  s id e  o f  th e  o v u le ; t h i s  i s  p a r t  o f  th e  
r in g  o f  c e l l s  i n i t i a t i n g  th e  o u te r  in tegum en t. The o u te r  in tegum ent 
e n c i r c le s  th e  d i s t a l  p a r t  o f  th e  o v u le  l ik e  a cap . As developm ent 
p ro c e e d s , th e  in n e r  and o u te r  in tegum en t i s  ex tended  in  grow th and th e  
m egaspore becomes fu n c t io n a l  (F ig . 8 2 ) . In  F ig u re  83, th e  p la n e  o f  
s e c t io n  i s  th ro u g h  th e  a d a x ia l rim  o f  th e  o u te r  in tegum en t. As th e  
in teg u m en ts  develop  f u r th e r ,  t h e i r  m argins a p p re s s  d i s t a l l y  around a 
m ic ro p y la r  c a n a l .  A t a n th e s is  th e  o u te r  in tegum ent has 5 c e l l  l a y e r s ;  
th e  in n e r  in tegum ent has 3 c e l l  la y e r s  (F ig . 8 7 ). The developm ent o f  
th e  in teg u m en ts  in  th e  m a tu ra tio n  o f  th e  seed c o a t i s  d e s c r ib e d  in  a 
l a t e r  s e c t io n .
M ugasporogenesis
A c a r p e l  i s  1000-1200)1 h ig h  and th e  o v u le  about 200p  h ig h  when 
m egasporogenesis  b e g in s . A p e r i c l i n a l  c e l l  d iv i s io n  i n  th e  hypoderm al 
la y e r  o f  th e  ovu le  produces an  a rc h e s p o r ia l  c e l l  (F ig . 8 0 ). T h is  c e l l  
expands and v a c u o la te  (F ig . 81 , 8 2 ). A p e r i c l i n a l  d iv i s io n  o f  th e  
a r c h e s p o r ia l  c e l l  forms a p a r i e t a l  c e l l  ( a t  arrow  in  F ig . 84) and a 
sporogenous c e l l .  The sporogenous c e l l  fu n c tio n s  as  a m egaspore
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m other c e l l .  C e l ls  d i s t a l  to  th e  m egaspore d iv id e  p e r i c l i n a l l y  and 
form a nuceiLus th a t  c o n s i s t s  o f  s e v e ra l la y e rs  (F ig . 85, 8 6 ). 
I n i t i a t i o n  and developm ent o f  th e  megaspore i s  c r a s s i n u c e l l a r ,  i . e . ,  
th e  megaspore i s  i n i t i a t e d  from a su b su rfa ce  c e l l  and i s  u l t im a te ly  
covered  d i s t a l l y  by a m u l t i la y e re d  n u c e l lu s .
The f i r s t  m e io tic  d iv i s io n  o f  th e  m egaspore m other c e l l  forms 
a 2 -n u c le a te  s ta g e  ( a t  a rrow > in  F ig . 8 5 ). A second d iv i s io n  forms 
a l i n e a r  t e t r a d  o f  4 m egaspores (F ig . 8 6 ). T hree o f  th e  4 m egaspores 
a re  in  th e  p la n e  o f  s e c t io n  in  F ig . 86. O c c a s io n a lly  a T-shaped 
t e t r a d  o f 4 m egaspores o c c u rs .  S ub seq u en tly , th e  3 m ic ro p y la r 
m egaspores d i s in t e g r a t e  and th e  c h a la z e l  m egaspore b eg in s  to  d iv id e  
to  form th e  m egagam etophyte.
Megagametophyte Development
Subsequent to  th e  developm ent o f  th e  f u n c t io n a l  c h a la z a l  
m egaspore, th e  8 -n u c le a te  megagametophyte i s  formed by 3 m i to t ic  
d iv i s io n s  o f  th e  m egaspore n u c le u s . With th e  t h i r d  d iv i s io n  com pleted , 
th e  8 n u c le i  become re a rra n g e d  w ith in  th e  embryo s a c .  The 3 ephem eral 
a n t ip o d a l  n u c le i  assume a p o s i t io n  o p p o s ite  t h a t  o f  th e  m icro p y le . 
Occupying a c e n t r a l  p o s i t io n  a re  th e  2 p o la r  n u c l e i .  These fu se  
e v e n tu a lly  to  form a c e n t r a l  n u c leu s  (F ig . 8 7 ). The rem ain ing  3 
n u c le i  assume p o s i t io n s  n e a r  th e  m ic ro p y la r  end a s  th e  egg ap p a ra tu s  
(F ig . 8 8 ). The l a r g e s t  o f  th e se  n u c le i  i s  th e  egg , p o s it io n e d  betw een 
2 sy n e rg id s . D uring th e  developm ent o f th e  megagametophyte s ta g e , 
th e  d iv id in g  n u c le i  a re  seldom  a l l  in  th e  same p la n e  o f  s e c t io n .  
Throughout developm ent o f  th e  megagametophyte s ta g e ,  th e  d iv id in g  
n u c le i  have no a p p a re n t c e l l  w a lls  su rro u n d in g  them . Thus, developm ent
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of the embryo sac in lllicium conforms to the monosporic, 8-nucleate 
Polygonum type.
Seed and Fruit Development
The developm ent o f  th e  f r u i t  o f  l l l i c i u m  flo rid an u m  E l l i s  was 
in v e s t ig a te d  o v er 70 y e a rs  ago by S c h lo t te rb e c k  and E c h le r  (1 9 0 1 ).
E a rle  (1941) s tu d ie d  th e  developm ent o f  th e  embryo and endosperm  in  
th e  same s p e c ie s .  B ecause o f  th e s e  e a r l i e r  s tu d ie s ,  th e  developm ent 
o f  th e  embryo and endosperm  was no t s tu d ie d  i n  d e t a i l .  The d is c u s s io n  
to  fo llo w  d e s c r ib e s  o n ly  th e  s a l i e n t  d evelopm en ta l f e a tu r e s  o f  th e se  
s t ru c tu re s .
Seed developm ent o ccu p ie s  th e  p e r io d  betw een f lo w e rin g  in  
March th ro u g h  f r u i t  m a tu ra tio n  in  O cto b er. F ig u re  89 shows th e  zygo te  
p r io r  to  th e  f i r s t  c le a v a g e . F ig u re  90 shows e a r ly  endosperm .
E a r le  (1941) says endosperm  developm ent i s  c e l l u l a r ,  and th e  embryo 
developm ent i s  o f  th e  A s te ra d  ty p e .
The fo rm a tio n  o f  th e  seed c o a t o ccu rs  by f u r th e r  m o d if ic a t io n  o f  
th e  in n e r  and o u te r  in teg u m en ts  (F ig . 9 1 -9 3 ). The o u te r  in tegum en t 
has 5 la y e r s .  The non-pigm ented c e l l s  o f  th e  o u te rm o st la y e r  e lo n g a te  
a n t i c l i n a l l y  and dev e lo p  th ic k e n e d  w a lls  (F ig . 7 9 ); th e  rem a in in g  4 
la y e rs  become f i l l e d  w ith  pigm ent (F ig . 9 1 -9 3 ). The in n e r  in tegum en t 
has 3 la y e r s .  The c e l l s  o f  th e  o u te rm ost la y e r  e n la rg e  s l i g h t l y  and 
become p igm ented ; th e  o th e r  2 la y e rs  become c rushed  (F ig . 9 1 -9 3 ).
With th e  13 c a r p e ls  a rran g ed  i n  a w h o rl, ex p an sio n  o f  c a rp e ls  
d u rin g  f r u i t  developm ent r e s u l t s  in  th e  c lo s e  a p p re s s io n  o f  l a t e r a l  
w a lls .  The g r e a t e r  ex p an s io n  o f  each c a rp e l  o ccu rs  v e r t i c a l l y  and 
r a d i a l l y ,  w ith  t a n g e n t i a l  ex p an sio n  l im ite d  by crow ding o f  n e ig h b o rin g
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c a rp e ls  (F ig . 9 4 ) . As ex p an sio n  p ro ceed s th e re  a re  d i f f e r e n c e s  among 
c a rp e ls  as  to  sh ap e , h e ig h t ,  and s iz e  b ecau se  o f  crow ding .
Each c a rp e l  i s  a t ta c h e d  by i t s  b ase  to  th e  c o n ic a l  r e c e p ta c le .  
F u s io n  betw een c a r p e l s  does n o t  o c c u r . As viewed from above (F ig . 94 
L, m) th e  m ature f o l l ic e tu m  i s  s t e l l a t e ,  w ith  each  f o l l i c l e  o r ie n te d  
w ith  i t s  narrow  b ase  a t ta c h e d  to  th e  r e c e p ta c le .  Each f o l l i c l e  i s  
l e n t i c u l a r  i n  shape .
With m a tu ra tio n  co m p le te , th e  in d iv id u a l  s c l e r i f i e d  f o l l i c l e s  
b e g in  to  d ry  and d e h is c e  v e n t r a l l y .  T hroughout f r u i t  developm ent 
th e  a d a x ia l ly  fo ld e d  c a rp e l  m argins (now h o r iz o n ta l ly  o r ie n te d )  do n o t 
f u s e .  As th e  l e s s  s c l e r i f i e d  b a s a l  r e g io n  o f  each  c a rp e l  d r i e s ,  te n s io n  
i s  e x e r te d  a g a in s t  th e  m arg in a l re g io n s  o f  th e  c a r p e l .  As d ry in g  
c o n t in u e s ,  th e  m arg in s s e p a ra te  a d a x ia l ly  and expose th e  seed . The 
seed s a r e  e x p e lle d  a p p a re n t ly  by d i f f e r e n t i a l  d ry in g . The s c l e r i f i e d  
f o l l ic e tu m  rem ains a t ta c h e d  to  th e  b ran ch  f o r  some tim e .
The v a s c u la tu r e  o f  th e  r e c e p ta c le  i s  augmented in  f r u i t  d ev e lo p ­
m ent. S ubsequent to  a n th e s i s ,  th e  r e c e p ta c le  expands and accommodates 
th e  m a tu ra tio n  o f  th e  c a r p e ls  in to  f r u i t .  I n i t i a l l y ,  th e  r e c e p ta c u la r  
s tra n d s  o f  xylem a r e  c lo s e  to g e th e r .  As ex p an sio n  o f  th e  r e c e p ta c le  
o c c u rs , th e  bund les  become se p a ra te d  more w id e ly . In  F ig u re  95 , a 
c le a re d  p re p a ra t io n  o f  a c a rp e l  in  Ju n e , th e  in te r v a s c u la r  space i s  
g r e a te r  th a n  th a t  a t  f lo w e rin g  in  March (F ig . 6 ) .
The Apical Residuum
A f te r  th e  i n i t i a t i o n  o f  th e  13 c a rp e l  p rim o rd ia  on th e  a p ic a l  
f la n k s ,  th e  a p ic a l  residuum  p e r s i s t s  a s  a  raeristem  and c o n tin u e s  f u r th e r  
developm ent (F ig . 9 6 -9 8 ) . From an i n i t i a l  s iz e  a f t e r  c a rp e l  i n i t i a t i o n
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o f abou t 360ji wide by 105ji h igh  (F ig . 9 6 ) , th e  a p ic a l  residuum  in c re a s e s  
to  a s iz e  o f  500ji wide by 300ji h igh  by th e  tim e th e  c a rp e ls  a r e  350p. 
h ig h  (F ig . 9 9 ) . P e r i c l i n a l  d iv i s io n s  b u ild u p  th e  f la n k s  o f  th e  residuum  
(F ig . 9 6 ) . The residuum  becomes t r u n c a te  a s  a r e s u l t ;  c e l l  f i l e s  
r a d i a t e  tow ard  th e  s u r fa c e  and th e  tu n ic e -c o rp u s  c o n f ig u ra t io n  i s  l o s t  
(F ig . 9 9 ) . I t  i s  re p la c e d  by a p la te -m e r is te m  o v e r  th e  residuum .
The c e l l s  o f  th e  form er tu n ic a  undergo d iv i s io n s  in  b o th  p e r i c l i n a l  and 
a n t i c l i n a l  p la n e s .  S u b seq u en tly , c e l l s  i n  th e  r a d ia t in g  f i l e s  become 
e lo n g a te  and t h e i r  c o n te n ts  lo s e  t h e i r  m e ris te m a tic  appearance  and 
become d a r k - s ta in in g  a n d /o r  v a c u o la te  (F ig . 1 0 0 ). The e x a c t n a tu re  
o f  th e s e  ta n n in - l i k e  su b s ta n c e s  was no t d e te rm in e d . The e lo n g a tio n  o f  
th e  s u b su r fa c e  c e l l s  i n  th e  c e n t r a l  summit r e g io n  (F ig . 101, 102) 
e v e n tu a l ly  p roduces a high-dom ed s t r u c t u r e  w ith  p a p i l l a t e  sum m ital 
c e l l s  (F ig .  103). The s u r fa c e  c e l l s  e v e n tu a l ly  c o l la p s e  and slough  
o f f  (F ig . 104, 105); in  some f lo w e rs  th e  e n t i r e  p a p i l l a  i s  l o s t  
(F ig . 10 6 ).
D uring  th e  developm ent o f  th e  a p i c a l  res id u u m , an i n t e r c a l a r y  
m eristem  d e v e lo p s . The m e ris te m a tic  re g io n  becomes g ra d u a l ly  r e s t r i c t e d  
to  th e  b ase  o f  th e  a p ic a l  dome, w h ile  s u r fa c e  c e l l s  become d i f f e r e n t i a t e d  
(F ig . 102, 1 0 3 ). The b a s a l  m eristem  a c t s  a s  an i n t e r c a l a r y  m eris tem .
The m eris tem  c o n s is t s  o f  c e l l s  which d iv id e  p red o m in an tly  p e r i c l i n a l l y .  
The m eristem  s u p p lie s  a d d i t io n a l  c e l l u l a r  com ponents to  th e  sum m ital 
p ro cess  (F ig . 9 0 ) . I t  c o n tin u e s  to  su p p ly  c e l l  d e r iv a t iv e s  upward 
a f t e r  th e  p a p i l l a  i s  sloughed  o f f  (F ig . 1 0 6 ). W ith th e  subsequen t 
ex p an sio n  o f  th e  c a r p e ls  d u r in g  f r u i t  developm en t, th e  i n t e r c a l a r y  
m eris tem  adds c e l l  d e r iv a t iv e s  t h a t  accommodate th e  a d a x ia l  expan sio n
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o f  th e  r e c e p ta c le  and c a r p e ls  (F ig . 106). The c e l l  d e r iv a t iv e s  
from th e  i n t e r c a l a r y  m eris tem  e v e n tu a lly  become s c l e r i f i e d  d u rin g  
f r u i t  developm ent, a s  does th e  g r e a te r  p a r t  o f  th e  c a r p e l .
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DISCUSSION AND REVIEW OF LITERATURE
H is to ry  and Naming o f  th e  Genus
The genus l l l i c i u m  L. was f i r s t  m entioned  in  th e  w es te rn  
l i t e r a t u r e  by C lu s iu s  in  1601 (Sm ith , 19 4 7 ). He a p p lie d  th e  name 
Anisum P h ilip p in a r iu m  in su la ru m  to  what i s  to d ay  reco g n ized  as  l l l i c iu m  
verum Hook f . ,  th e  f r u i t  o f  which has been  used  f o r  c e n tu r ie s  in  th e  
O r ie n t to  enhance th e  f l a v o r  o f  food . L innaeus (1759) proposed  
th e  v a l id  g e n e r ic  name l l l i c i u m  in  h is  Systema N a tu rae , T enth E d i t io n .  
The ty p e  s p e c ie s  i s  _I. a n isa tu m  L.
S y s te m a tic s  and G eo g rap h ica l D is t r ib u t io n
Today, th e  genus l l l i c i u m  i s  p laced  in  th e  fa m ily  I l l i c i a c e a e ,  
due la r g e ly  to  th e  s tu d ie s  o f  B a ile y  and N ast (1945, 1948) and Sm ith 
(1947 ). W ith in  th e  g en u s , Sm ith (1947) re c o g n iz e s  two s u b -d iv is io n s  
based  on  th e  c h a r a c t e r i s t i c s  o f  th e  p e r ia n th  lo b e s .  In  th e  s e c t io n  
B adiana Spach, th e  in n e r  p e r ia n th  lobes a re  t h i n ,  narrow , and somewhat 
la x  a t  a n th e s i s .  In  th e  s e c t io n  Cyiribostemon (Spach) A. C. Sm ith , th e  
in n e r  p e r ia n th  lo b e s  a r e  o v a te  to  s u b o rb ic u la r  and r a r e l y  la x  a t  
a n th e s i s .  In  th e  w e s te rn  hem isphere  th e  ran g es  o f  b o th  s e c t io n s  a r e  
s e p a ra te  (S m ith , 1947). The s e c t io n  Cymbostemon o ccu rs  in  c e n t r a l  
F lo r id a ,  e a s te r n  Cuba, and H a i t i .  The s e c t io n  B adiana o ccu rs  in  th e  
s o u th e a s te rn  U n ited  S ta te s  (Alabama, F lo r id a  to  L o u is ia n a ) ,  and 
e a s te r n  M exico. Of th e  13 sp e c ie s  o f  l l l i c i u m  in  th e  s e c t io n  B ad iana ,
2 a r e  A m erican: I_. f lo rid a n u m  E l l i s ,  th e  S ta r  A n ise , and _I. mexicanum 
A. C. Sm ith . Of th e  29 s p e c ie s  o f  l l l i c iu m  t h a t  com prise th e  s e c t io n
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Cymbostcmon, 3 a rc  A m erican: p a rv if lo ru m  M ichx. cx V e n t . , the
sm a ll-f lo w e re d  A n ise -se e d  t r e e ,  1^ . ekm anii A. C. S m ith , and I .  
eubense A. C. Sm ith , th e  Cuban p la n t  r e f e r r e d  to  as  A n ise .
Relationships
Both Sm ith (1947) and B a ile y  and N ast (1948) c o n s id e r  th e  
S ch iz an d racea e , w ith  th e  2 g en era  S ch izand ra  and K adsura , to  be most 
c lo s e ly  r e l a t e d  to  th e  I l l i c i a c e a e .  In  com paring th e  taxonom ic c h a ra c ­
t e r s  o f  th e  2 f a m i l i e s ,  Sm ith (1947) a l lu d e s  to  t h e i r  p ro b ab ly  common 
a n c e s try  and r e l a t e s  t h a t  i n  t h e i r  developm ent each  r e t a in s  c e r t a in  
p r im it iv e  c h a r a c te r s  w h ile  c o n co m ita n tly  m od ify ing  o th e r s .
S e v e ra l p o in ts  o f  com parison can  be made a t  th e  fam ily  le v e l  
betw een th e  I l l i c i a c e a e  and th e  S ch iz an d racea e . W hereas th e  members 
o f  I l l i c i a c e a e  a r e  sh ru b s  o r  t r e e s ,  b e a r in g  h e rm a p h ro d itic  f lo w e rs , 
th e  members o f  S ch iz an d racea e  a re  woody v in e s  w ith  u n is e x u a l f lo w e rs .
In the Illiciaceae, the receptacle of the flower is little modified 
after anthesis; in the Schizandraceae, however, the receptacle of the 
female flower is greatly elongated in fruit.
The c a rp e l  a rrangem en t in  th e  I l l i c i a c e a e  c o n s i s t s  o f  a s in g le  
w horl o f  7 -1 5 ; i n  f lo w e rs  o f  th e  S c h iz a n d ra c e a e , th e  c a rp e ls  a re  
numerous (1 2 -3 0 0 ). The s t y l e ,  in  members o f  th e  I l l i c i a c e a e ,  i s  
c o n d u p lic a te ,  v e n t r a l l y  s t ig m a tic  and v a s c u la r iz e d ;  in  th e  S ch izandraceae , 
th e re  i s  e s s e n t i a l l y  an u n v a s c u la r iz e d , c o n d u p lic a te  p se u d o s ty le  w ith  
c lo s e ly  approx im ated  v e n t r a l  s t ig m a tic  c r e s t s .
The f r u i t  o f  th e  I l l i c i a c e a e  i s  t y p i c a l l y  a  f o l l ic e tu m  c o n s is t in g  
o f  f r e e - s p re a d in g  f o l l i c l e s  d e h isc in g  v e n t r a l l y ;  th e  f r u i t  o f  th e  
S ch iz a n d ra c e a e , how ever, i s  an  a g g re g a te  composed o f  an  e lo n g a te  r e c e p ta c le
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and in d e h is c e n t  d r u p e - l ik e  c a r p e ls .  The seeds  o f  th e  I l l i c i a c e a e  a re  
u s u a lly  s i n g l e ,  e l l i p s o i d a l  o r  obovoid in  sh ap e , l a t e r a l l y  f l a t t e n e d ,  
and w ith  a s u b a s a l  h ilum . The seeds  o f  th e  S ch izan d raceae  a re  u s u a l ly  
p a i r e d ,  immersed in  th e  f le s h y  p u lp  o f  th e  p e r ic a r p ,  e l l i p s o i d -  
su b ren ifo rm  in  shape and w ith  e i t h e r  a  v e n t r a l  o r  s u p e r io r  h ilum .
The N atu re  o f  th e  F low er
Both p h y lo g e n e tic  as w e ll a s  o n to g e n e tic  app roaches have been  
used in  a t te m p ts  to  e v a lu a te  th e  many i n t e r a c t io n s  p rece d in g  a s  w e ll 
as fo llo w in g  a n th e s i s .  Thomas (1936) c o n s id e re d  th e  flow er no t to  be 
homologous to  a  v e g e ta t iv e  bud. He su g g e s te d  th a t  s in c e  a n c ie n t 
p la n ts  were known to  have borne sp o ra n g ia  a t  th e  " t i p s "  o f  naked 
stem s, th e  p h y lo g e n e tic  developm ent o f  th e  re p ro d u c t iv e  s t r u c tu r e s  
was in d e p en d en t o f  t h a t  o f  th e  l e a f .  The r e p ro d u c t iv e  s t r u c tu r e s  
ev o lv ed , in  h i s  v iew , from  f e r t i l e  b ranch  system s e q u iv a le n t  w ith  th e  
b ranch  system s th a t  gave r i s e  to  le a v e s .  M e lv i l le  (1962, 1963) a ls o  
su p p o rted  th e  non-homologous c o n c e p t, su g g e s tin g  th a t  s e le c te d  f lo w e rs  
resem ble compound s t r o b i l i  o r  fu sed  b ran ch  system s.
Eames (1929, 1931, 1961) was th e  o u ts ta n d in g  modern p roponen t to  
eq u a te  th e  f lo w e r  to  a  sh o o t; he c o n s id e re d  t h a t  th e  flo w er c o n s i s t s  
o f  a s h o r t ,  d e te rm in a te  a x is  b e a r in g  m o d ified  appendages. The e a r l i e r  
v ie w p o in ts  s in c e  th e  tim e o f  Goethe a r e  summarized in  rev iew s by 
B an cro ft (1 9 3 5 ), W ilson and J u s t  (1 9 4 9 ), and M aeliono (1970). A ccord ing  
to  t h i s  th e o ry ,  b o th  f l o r a l  appendages and le a v e s  a re  co n s id e re d  to  
be  homologous a p p e n d ic u la r  s t r u c tu r e s  t h a t  have developed  a long  p a r a l l e l  
l i n e s  o f  e v o lu t io n .
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The p r im it iv e  flow er i s  a l le g e d  to  have been b is e x u a l ,  w ith  an 
u n d i f f e r e n t i a t e d  p e r ia n th ,  numerous stam ens and c a r p e l s ,  and w ith  
a l l  p a r t s  f r e e  and h e l i c a l l y  a rran g ed  (Eames, 1961; E sau , 1965; 
B ie r h o r s t ,  1971). F low ers w ith  s p i r a l  a rrangem ent o f  a l l  p a r t s  a re  
r a r e ,  o c c u r r in g  f o r  exam ple in  some M agnoliaceae and W in te r ia c e a e .
The androecium  a lo n e  o r  to g e th e r  w ith  th e  gynoecium more commonly 
e x h ib i t s  s p i r a l  a rran g em en t, e s p e c ia l ly  in  f a m i l ie s  such  as th e  
R anuncu laceae , D i l le n ia c e a e ,  R osaceae, W in te ra c e a e , Nymphaeaceae, 
and M agno liaceae . I t  i s  su g g es ted  by some a u th o rs  (Church, 1920; E sau , 
1943; L ep p ik , 1961) t h a t  th e  f l o r a l  o rgans o f  a p la n t  a re  no t n e c e s ­
s a r i l y  a rra n g e d  in  te rm s o f  p h y l lo ta x ic  p a t te r n s  s im i la r  to  th e  
p h y llo ta x y  o f  v e g e ta t iv e  sh o o ts . l l l i c i u m  flo rid an u m  f i t s  th e  
co n cep t o f  a p r im i t iv e  flo w er in  hav in g  numerous f r e e  t e p a l s ,  stam ens 
and c a r p e l s .  Each s e r i e s  o f  appendages i s  a rran g ed  along  a v ery  
lo w -p itc b e d  h e l i x .  W ith th e  crow ding o f  th e  appendages on th e  s h o r t  
r e c e p ta c l e ,  p h y llo ta x y  i s  d i f f i c u l t  to  d e te rm in e . The c a rp e ls  ap p ea r 
w horled  a t  a l l  s t a g e s ,  b u t some ev id en ce  su g g e s ts  a  tendency  tow ard 
s p i r a l i t y .  The 13 c a rp e ls  appear to  i n i t i a t e  n e a r ly  s im u lta n e o u s ly , 
based  on th e  la c k  o f  any s ta g e s  showing o n ly  a p o r t io n  o f  th e  t o t a l  
number o f  p r im o rd ia . The youngest c a rp e ls  o b se rv ed , however, showed 
v a r i a t i o n  in  c a rp e l  h e ig h t  (from  20u to  3 0 u ) , and th e y  d i f f e r e d  
s l i g h t l y  in  b ase  le v e l  in  th e  r e c e p ta c le  and in  le v e l  o f  t r a c e  d iv e r ­
gence . These i n i t i a l  v a r ia t io n s  become in d is t in g u is h a b le  a t  l a t e r  
s ta g e s  o f  c a rp e l  developm ent, le a d in g  m ost o b se rv e rs  to  assume th e  
c a r p e ls  a re  w h o rled . In  _I. f lo r id a n u m , th e  arrangem ent o f  th e  f l o r a l  
p a r t s  i s  p ro b a b ly  in  t r a n s i t i o n  from h e l i c a l  a rrangem ent o f p a r t s  to  
t h a t  o f  w horled  a rran g em en t, a t  l e a s t  in  th e  gynoecium .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
A d d itio n a l ev id en ce  on th e  n a tu re  o f  th e  v e g e ta t iv e  sh o o t and 
i t s  appendages, le a v e s  and b r a c t s ,  su g g e s ts  th a t  th e  v e g e ta t iv e  a p ic a l  
m eristem  i s  a ls o  one undergo ing  g rad u a l t r a n s i t i o n .  Leaves a re  
i n i t i a t e d  i n  a 2 /5  p h y llo ta x y  in  a c lo ck w ise  d i r e c t i o n .  A t th e  end 
o f  th e  grow ing se a so n , th e  l a s t  5-7  le a v e s  a r e  c lu s t e r e d  a t  th e  end 
o f  a b ranch  w ith  s h o r t  in t e m o d a l  re g io n s . The arran g em en t o f  b ra c ts  
i s  a ls o  in  a c lo ck w ise  d i r e c t i o n  w ith  a  2 /5  p h y llo ta x y .  However, th e re  
i s  f a r  l e s s  in te r n o d a l  e lo n g a tio n  betw een b r a c t s  th a n  betw een le a v e s .
In  t h e i r  g e n e ra l ap p ea ran ce  and i n t e r n a l  v a s c u la tu r e ,  le a v e s  and 
b r a c ts  s h a re  s im i la r  c h a r a c t e r i s t i c s ,  j u s t  as  s im i la r  c h a r a c t e r i s t i c s  
a r e  shared  by b r a c t e o le s ,  t e p a l s  and stam ens. I n  1^ . f lo r id a n u m . 
th e r e f o r e ,  th e r e  i s  a  g ra d u a l b u t  n o t ic e a b le  m o d if ic a t io n  o f  b o th  the  
v e g e ta t iv e  and th e  f l o r a l  apex  d u r in g  i n i t i a t i o n  o f  t h e i r  r e s p e c t iv e  
appendages, accom panied by a  d e c re a se  in  th e  p i t c h  o f  th e  h e l ic e s  
a s s o c ia te d  w ith  i n i t i a t i o n  o f  p a r t s .
G reg o ire  (1938) a s s e r te d  th a t  a f l o r a l  apex i s  an  e n t i r e l y  new 
apex a r i s i n g  de novo upon a  sh o o t apex . P la n te f o l  (1948) b e lie v e d  
th a t  th e  co rpus expands above th e  r e c e p ta c le  to  form  em ergences which 
become f l o r a l  o rg a n s . Buvat (1952) co n s id e re d  t h a t  a t  th e  tim e o f  
f l o r a l  o n s e t ,  th e  tu n ic a  e n la rg e s  g r e a t ly  and sp re a d s  o u t o v e r th e  
s u r fa c e  o f  a  new mass o f  c e l l s  formed by th e  c o rp u s . In  1^ . f lo rid an u m , 
a tu n ic a -c o rp u s  c o n f ig u ra t io n  o ccu rs  in  b o th  th e  f l o r a l  and v e g e ta t iv e  
apex. I n i t i a t o r y  s i t e s  may be la r g e ,  w ith  th e  p rim ary  p e r i c l i n a l  
d iv i s io n ( s )  in  th e  ^  augmented by d e e p e r d iv i s io n s  i n  th e  o th e r  
corpus la y e r s .
The f l o r a l  apex  o f  many p la n ts  e x h ib i t s  a  m a n tle -c o re  c o n f ig u ra ­
t i o n  (P h il ip s o n ,  1947; Boke, 1948; T e p fe r , 1953). In  th e s e  p la n t s ,  th e
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a p ic e s  w ith  c e n t r a l ,  p e r ip h e r a l ,  and r i b  m e ris te m a tic  zo nes , become 
re o rg a n iz e d  in to  a  m a n tle -c o re  c o n f ig u ra t io n  a t  th e  tim e o f  f l o r a l  
in d u c a tio n . I t  i s  su g g es ted  th a t  th e  f l o r a l  apex i s  n o t s t r u c t u r a l l y  
d i f f e r e n t  from  th a t  o f  th e  sho o t apex and t h a t  i t  has bo th  s t r u c t u r a l  
and fu n c t io n a l  c o n t in u i ty  w ith  th e  sh o o t ap ex . I t  i s  f u r th e r  su g g es ted  
th a t  r e o r g a n iz a t io n  o f  th e  e x i s t in g  m e ris te m a tic  c e l l s  o ccu rs  by a 
g ra d u a l tr a n s fo rm a tio n .  The f l o r a l  apex  i n  I .  f lo rid an u m  e n la rg e s  
g ra d u a l ly  b u t  rem ains s t r u c t u r a l l y  unchanged i n t e r n a l l y  d u rin g  
i n i t i a t i o n  o f  th e  f l o r a l  appendages. The in te r g r a d in g  o f  th e  form o f  
b r a c te o le s ,  t e p a l s  and stam ens su g g e s ts  a  g ra d u a l p h y s io lo g ic a l  
m o d if ic a t io n  i n  th e  s t r u c tu r e  o f  th e  f l o r a l  apex .
The shape o f  th e  r e c e p ta c le  o f  a f lo w e r  ran g es  from a x ia l  
(M agnoliaceae) to  h ig h  dome-shaped ( c e r t a in  R anunculaceae, Nymphaeaceae) 
to  short-dom ed  (p ro b ab ly  th e  m a jo r i ty  o f  a n g io sp e rm s) , to  cup-shaped  
(C a ly c a n th u s ) , to  a lm o st n o n -e x is te n t ,  a s  i n  th e  m ic ro sp o ra n g ia te  
flo w ers  o f  many s p e c ie s .  In  l l l i c iu m  flo r id a n u m , th e  a x is  o f  th e  
r e c e p ta c le  o f  th e  f lo w e r i s  s h o r t .  D uring th e  developm ent o f  th e  
f l o r a l  appendages, and d u rin g  f r u i t  p ro d u c tio n , th e  r e c e p ta c le  
expands o n ly  s l i g h t l y  and accommodates and su p p o rts  th e  dev e lo p in g  
s t r u c t u r e s .  T here  i s  l i t t l e  e lo n g a tio n  o f  th e  r e c e p ta c le  in  f r u i t  
p ro d u c tio n , a s  o ccu rs  i n  th e  S ch iz an d racea e .
The number o f  c a rp e l  t r a c e s  i s  somewhat d i f f i c u l t  to  d e te rm in e . 
The in t e r f a c e  betw een r e c e p ta c le  and a d a x ia l  c a rp e l  b ase  i s  v e ry  
b ro a d . Because o f  t h i s  d i f f i c u l t y ,  i t  i s  d i f f i c u l t  to  d ec id e  w hether 
1 o r  3 t r a c e s  d iv e rg e  from  th e  r e c e p ta c le  in to  th e  c a r p e l ;  3 m ain 
s tra n d s  a r e  p r e s e n t  p e r  c a rp e l :  th e  d o r s a l ,  w hich d iv e rg e s  on th e
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a b a x ia l  s id e  o f  th e  c a r p e l ,  and 2  v e n t r a l  s t r a n d s  in to  each o f  th e  
c a rp e l  m arg in s .
A b sc is s io n  o f  f l o r a l  p a r ts  has n o t been  in v e s t ig a te d  as much 
a s  th a t  o f  le a v e s ,  b u t th e  p ro cess  o f  s e p a r a t io n  ap p ea rs  s im i la r .
P a r ts  o r  e n t i r e  s t r u c t u r e s  may a b s c is s  a t  v a r io u s  s ta g e s  in  th e  
re p ro d u c tiv e  p ro c e s s .  A f te r  f lo w e r in g , shedd ing  o f  p a r t s  o f th e  
f lo w ers  o r  e n t i r e  f lo w e rs  may o c c u r . P e ta l s  a r e  shed in  many f lo w e rs , 
f a l l i n g  w ith o u t p re v io u s  w i l t in g  (A q u ile g ia )  o r  a b s c is s in g  in  a w il te d  
o r  d r ie d  s t a t e  (L i l iu m ) . I f  p e ta ls  a re  n o t shed a t  th e  end o f  f lo w e r­
in g , th e y  may rem ain  a t ta c h e d  to  th e  f r u i t  f o r  some tim e , as in  
A gapan thus. S e p a ls ,  s ta m in a l f i la m e n ts ,  and s ty l e s  may a b s c is s  a f t e r  
f lo w e rin g  in  a manner s im i la r  to  t h a t  o f  th e  p e t a l s .  F low ers may 
f a l l  s in g ly  o r  as  e n t i r e  in f lo r e s c e n c e s .  I f  f e r t i l i z a t i o n  f a i l s  to  
o c c u r , c a r p e l l a t e  and b is e x u a l  f lo w ers  may a l s o  d ro p . A b sc is s io n  
o f  f l o r a l  p a r t s  i s  g e n e ra l in  I .  f lo r id a n u m . A b sc is s io n  u s u a lly  o ccu rs  
e a r ly  in  th e  b r a c t s  and b r a c te o le s .  T ep a ls  and stam ens, however, 
a b s c is s  s h o r t ly  a f t e r  a n th e s i s .  The c a r p e ls  u s u a l ly  do n o t a b s c is s  
a f t e r  f lo w e rin g  even when th e  seed w ith in  some o f them a b o r ts .  The 
p e d ic e l o f  th e  f r u i t ,  a f t e r  seed d e h isc e n c e , may rem ain  a t ta c h e d  to  
th e  stem  f o r  some tim e .
The N ature o f  th e  P e r ia n th
In  c e r t a i n  p l a n t s ,  th e  p e r ia n th  i s  u n d i f f e r e n t i a t e d ,  and th e  
appendages a re  r e f e r r e d  to  as t e p a l s .  In  C a ly can th u s  (D en g le r, 1972) 
which s u p e r f i c i a l l y  resem bles th e  flo w er o f  l l l i c i u m , th e  te p a ls  
(ap p ro x im a te ly  30) a r e  l i n e a r  and f le s h y  and a rra n g e d  h e l i c a l l y  on th e  
rim  o f  th e  concave r e c e p ta c le .  They show a s im i la r  t r a n s i t i o n a l  s e r i e s
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v a ry in g  in  s i z e  and form , w ith  s tam in o id  f e a tu r e s  on th e  innerm ost 
t e p a l s .
T e p a ls  a r e  g e n e ra l ly  more l e a f l i k e  th a n  o th e r  f l o r a l  appendages, 
b o th  in  v a s c u la tu r e  and m ature form . They may in te r g r a d e  from l e a f l i k e  
to  s ta m e n - lik e  s t r u c t u r e s .  Each te p a l  i s  u s u a l ly  su p p lie d  by 3 
v a s c u la r  t r a c e s  t h a t  d iv e rg e  from th e  r e c e p ta c l e ;  th e  s o l i t a r y  t r a c e  
p e r  t e p a l  i n  f lo rid an u m  i s  u n u su a l in  t h i s  r e s p e c t .
The i n i t i a t i o n  and e a r ly  developm ent o f  s e p a ls  and p e ta ls  
a re  s im i la r  to  th o se  o f  le a v e s  (Boke, 1948; T e p fe r ,  1953; Tucker,
1959). I n  t h e i r  g row th , th e  p e r ia n th  p a r t s  o f  a f lo w er e x h ib i t  a p ic a l  
a c t i v i t y  o f  a  s h o r t  d u ra t io n  fo llow ed  by some in t e r c a l a r y  grow th. 
M arg inal a c t i v i t y ,  augm ented by in t e r c a l a r y  g ro w th , in c re a s e s  th e  
w id th  o f  th e  t e p a l s .  F in a l  form  o f  th e  p e r ia n th  members i s  th e  r e s u l t  
o f  d i f f e r e n t i a l  grow th and en la rg e m e n t.
Where p e t a l s  o ccu r in  c e r t a in  m onocotyledons and in  some 
d ic o ty le d o n s  ( e .  g . woody R a n a le s ) , th e y  a re  a l le g e d  to  have a r i s e n  
by d i f f e r e n t i a t i o n  o f  s e p a ls  o r  as  a m o d if ic a t io n  w ith in  an  u n d if ­
f e r e n t i a t e d  p e r ia n th .  In  o th e r  d ic o t s ,  such a s  th e  R anunculaceae and 
R osaceae, th e  p e t a l s  p resum ably  a ro se  by m o d if ic a t io n  o f  stam ens. 
F re q u e n tly ,  th e r e  a re  t r a n s i t i o n a l  form s betw een p e t a l s  and stam ens, 
and commonly b o th  p e t a l s  and stam ens a r e  each  su p p lie d  by a s in g le  
t r a c e .  T h is  s u g g e s ts  to  some th a t  in  c e r t a i n  ta x a  th e  p e ta l s  have 
evolved from  stam ens. In  a more u n u su a l c a s e ,  in te rm e d ia te s  betw een 
stam ens and c a r p e ls  a r e  form ed, as  in  S a l i x ; in  each c a r p e l lo id  stam en 
th e r e  i s  a s h o r t  s t y l e  and stigm a. The most com ple te  t r a n s i t i o n a l  
s e r ie s  betw een  th e  appendages o f  th e  c o r o l l a  and androecium  o ccu rs  in  
th e  N yirphaeaceae, i n  w hich a l l  th e  f l o r a l  appendages a s  a b a s ic
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c o n d i t io n  a r e  each su p p lie d  by 3 t r a c e s  (M oseley, 1958). I n  1^ . 
f lo r id a n u m , th e r e  e x i s t s  a t r a n s i t i o n a l  s e r i e s  betw een th e  b r a c t e o le s ,  
t e p a l s  and s tam ens, each w ith  1 t r a c e .
The N atu re  o f  th e  Stamen
A ccord ing  to  th e  c l a s s i c a l  f l o r a l  th e o ry , l e a f l i k e  f l o r a l  
appendages a r e  a l le g e d  to  be p r im i t iv e .  Lam inar stam ens o c c u r in  th e  
Nymphaeaceae, A u s tro b a ile y a c e a e , H im an tand raceae , and D egeneriaceae  
(C a n r ig h t , 1 9 5 2 ). The stam ens in  th e  f lo w e r  o f  I .  f lo rid an u m  a re  
la m in a r .
Those stam ens w ith  a  v a s c u la r  su p p ly  s im i la r  to  a l le g e d  p r i ­
m it iv e  le a v e s  a r e  s im i la r l y  in t e r p r e te d  a s  p r im i t iv e .  The 3 - t r a c e  
c o n d i t io n  in  stam ens i s  common in  th e  M ag n o liaceae , W in te race ae , 
and Nymphaeaceae. The 2 - t r a c e  c o n d i t io n  i s  p re s e n t  in  A u s tro b a ile y a  
and a few Nymphaeaceae. P re sen ce  o f  a  s in g le  t r a c e ,  as  o c c u rs  in  
m ost ang iosperm s i s  co n s id e re d  an  advanced  c o n d it io n . In  I l l i c i u m  
flo r id a n u m , stam ens a r e  s u p p lie d  by 1 t r a c e .
A r e d u c t io n -m o d if ic a t io n  s e r i e s  i s  d is c e rn a b le  from  th e  la m in a r 
stam en w ith  4 m o d e ra te ly  sunken s p o ra n g ia ,  a  3 - t r a c e  v a s c u la r  su p p ly , 
and an  a p p re c ia b le  amount o f  s t e r i l e  t i s s u e ,  to  t h a t  o f  th e  a l le g e d  
advanced stam en . Changes in v o lv e  lo s s  o f  s t e r i l e  lam ina l a t e r a l l y  
to  and betw een  s p o ra n g ia l  p a i r s ,  s im p l i f i c a t io n  o f  th e  v a s c u la tu r e ,  
and th e  r e d u c t io n  o r  lo s s  o f  th e  s t e r i l e  t i p  o f  th e  stam en. The 
stam en th u s  p roduced  would have an  a n th e r  a t ta c h e d  d i s t a l l y  to  a 
w e ll -d e f in e d  f i l a m e n t .  A change i n  th e  le n g th  o f  th e  d eh isce n ce  
zone o f  th e  a n th e r  o r  i n  th e  o r i e n t a t i o n  o f  th e  a tta ch m en t o f  th e  
s p o ra n g ia l  p a i r s  may a l s o  o c c u r . In  c e r t a i n  d ic o t  and monocot f a m i l i e s ,
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th e  in te r s p o ra n g ia l  w a ll may b reak  down e a r l y ,  r e s u l t i n g  in  a n th e rs  
w ith  2 In s te a d  o f  th e  u s u a l 4 sporogenous lo c u le s .
Stamen i n i t i a t i o n  may be s im i la r  to  t h a t  o f  th e  p e r ia n th  
(T e p fe r , 1953) o r  stam ens may have a deep er o r ig i n  th a n  th a t  o f  
th e  p e r ia n th  and th u s  b e  c o n s id e re d  a x ia l  s t r u c t u r e s  (S a tin a  and 
B la k e s le e , 1941). In  flo rid a n u m , th e  i n i t i a t i o n  o f  stam en p r im o rd ia , 
though o r ig in a t in g  in  th e  Tg la y e r ,  i s  augmented by d eep e r d iv id in g  
c e l l s .  A f te r  i n i t i a t i o n ,  th e  stam ens e x h ib i t  a p ic a l  grow th o f  s h o r t  
d u ra t io n ,  augm ented by i n t e r c a l a r y  grow th. Stamens w ith  f l a t t e n e d  
f i la m e n ts  u s u a l ly  show d i f f e r e n t i a l  m arg in a l grow th (T e p fe r , 1953).
The f i la m e n ts  o f  th e  stam ens o f  II. flo rid an u m  w iden by g e n e ra liz e d  
c e l l  d iv i s io n ,  w ith  no m a rg in a l and subm arg inal i n i t i a l s  ob serv ed .
The N atu re  o f  th e  C arpel
The c l a s s i c a l  c o n c e p t o f  th e  c a rp e l  c o n s id e rs  i t  as a  l e a f - l i k e  
s t r u c tu r e  (A rb er, 1937; B a ile y  and Swamy, 1951; T r o l l ,  1939). F o ld in g  
and fu s io n  o f  c a rp e l  m arg ins and un ions among c a r p e ls  have produced 
su b se q u e n tly  a v a r i e ty  o f  c a rp e l  ty p e s .
B a ile y  and Swamy (1951) advanced what th ey  c o n s id e r  th e  
s a l i e n t  tre n d s  o f  c a rp e l  s p e c ia l i z a t io n  as  i t  p o s s ib ly  evolved  from 
a  p r im i t iv e ly  c o n d u p lic a te  c o n d i t io n .  Drimys p i p e r i t a  Hook, f . ,  
a member o f  th e  Tasm annia s e c t io n ,  i s  c o n s id e re d  by b o th  B a ile y  and 
N ast (1943) and B a ile y  and Swamy (1951) to  e x h ib i t  th e  m ast p r im itiv e  
group o f  c a rp e l  c h a r a c te r s :  a c o n d u p lic a te ,  u n s e a le d , s t y l e l e s s
c o n d it io n  w ith  e x te n s iv e  s t ig m a tic  c r e s t s  and lam in ar p la c e n ta t io n .  
These a u th o rs  b e l ie v e  t h a t  s p e c ia l i z a t io n s  fo llo w ed : 1) r e s t r i c t e d
o r  ex tended grow th o f  th e  a d a x ia l  o r  a b a x ia l  c a r p e l l a r y  s u r f a c e s ,
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2) c lo s u re  o f  th e  c o n d u p lic a te  c a rp e l by fu s io n s  a long  th e  v e n t r a l  
s u r f a c e s ,  3) m o d if ic a tio n s  o f  th e  s t ig m a t ic  c r e s t s ,  th e  c o n d u p lic a te  
s t y l e ,  and th e  in t e r n a l  g la n d u la r  s u r f a c e s ,  4) v a r io u s  forms o f  
c a rp e l  f u s io n s .
P u r i  (1961) d isa g re e d  w ith  v a r io u s  a s p e c ts  o f  th e  c o n d u p lic a te  
c a r p e l  th e o ry  and asked  f o r  r e a p p ra is a l  o f  s e v e ra l  o f  i t s  c o n te n tio n s .
He su g g es ted  t h a t  what had been fo rm erly  r e f e r r e d  to  a s  th e  v e n t r a l  
s u r fa c e s  o f  th e  c a r p e l ,  w ere, in  f a c t ,  i t s  " l a t e r a l  f a c e s " .  He 
f u r th e r  a s s e r te d  t h a t  th e s e  " l a t e r a l  f a c e s " ,  and n o t th e  v e n t ra l  
s u r f a c e s ,  w ere ju x ta p o se d  in  t h e i r  f i n a l  " fo ld e d "  form by m arg ina l 
in v o lu t io n .  As f u r th e r  d e m o n stra tio n , he s ta t e d  th a t  th e  o r i e n t a t i o n  
o f  th e  v e n t r a l  c a r p e l la r y  bund les  and th e  fu n ic u lu s  su g g es ted  m arg in a l 
and n o t la m in a r p la c e n ta t io n .  In  I l l i c i u m  flo rid an u m , th e  c a rp e l  i s  
c o n d u p l ic a te ,  w ith  no ev idence  o f  m a rg in a l e la b o ra t io n  a s  sugg ested  by 
P u r i .  The o vu le  i s  borne i n  a median a x i l l a r y  p o s i t io n  a t  th e  b ase  o f 
th e  c a r p e l ,  b o rd e red  by th e  c a r p e l la r y  m a rg in s . T h is  h ig h ly  unusual 
p la c e n ta t io n  has been  re p o r te d  fo r  Ochna by S a t t l e r  (p e rs o n a l communica­
t io n )  and f o r  some palm genera  by Uhl (p e rs o n a l com m unication). The 
o v u le  i s  su p p lie d  by b ranches from th e  d o r s a l ,  o v u la r  and v e n t r a l  
s t r a n d s .  D uring c a rp e l  developm ent, th e  a d a x ia l ly  ap p ressed  c a rp e l  
m argins a r e  b u i l t  up , b u t do n o t fu s e .
W ilson (1 9 4 2 ), in  d is c u s s in g  th e  " te lo m e"  th e o ry , co n s id e red  
th e  c a rp e l  to  be formed by th e  fu s io n  o f  th e  d i s t a l  b ra n c h le ts  o f  a  
d e te rm in a te  b ranch  system  r e s u l t in g  in  th e  fo rm atio n  o f  a  lam in ar 
s t r u c t u r e .  M e lv i l le  (1962) i n t e r p r e t s  th e  c a rp e l  as b e in g  d e r iv e d  
from  a  l e a f - l i k e  s t r u c t u r e  th a t  bo re  a  f e r t i l e  appendage. D uring th e
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co u rse  o f  e v o lu t io n ,  th e  l e a f  fo ld e d , e n c lo s in g  th e  f e r t i l e  b ran ch . 
M e lv i l l e 's  th e o ry  would a l s o  e x p la in  th e  fo rm a tio n  o f  s u p e r io r  o v a r ie s  
by an  in fo ld in g  o f  th e  b la d e  o f  th e  gonophy ll w ith  th e  r e s u l t a n t  
co v erin g  o f  th e  o v u li f e ro u s  appendages. C orner (1963) in  c o n te s t in g  
M e lv i l l e 's  th e o ry ,  su g g es ted  th a t  c a rp e l e v o lu t io n  co u ld  b e  e x p la in ed  
b e t t e r  by th e  a l re a d y  e x i s t in g  c l a s s i c a l  c o n c e p t. The a x i l l a r y  p la c e n ­
t a t i o n  o f  th e  s o l i t a r y  o v u le  p e r  c a rp e l  i n  I l l i c i u m  flo rid an u m  m ight 
be used  to  su p p o r t M e lv i l l e 's  th e o ry ; how ever, th e  o v u la r  prim ordiura 
i s  c l e a r ly  i n i t i a t e d  w ith in  th e  c a rp e l  a r e a  on th e  a p ic a l  f la n k ,  
in s id e  th e  c a rp e l  w ings.
To some r e s e a r c h e r s  (Baum, 1952; B a u m -L e in fe lln e r , 1953; 
L e in f e l ln e r ,  1950) c e r t a i n  c a rp e ls  develop  l i k e  a  p e l t a t e  l e a f ,  i . e . ,  
a l e a f  whose s t a l k  i s  a t ta c h e d  to  th e  b a se  o f  th e  b la d e .  The c a rp e l  
o f  I .  f lo rid a n u m  shows no ev id en ce  o f  p e l t a t i o n ,  u n l ik e  many o th e r  
p u ta t iv e ly  p r im i t iv e  c a r p e ls .
The A p ic a l Residuum
In  I l l i c i u m  f lo r id a n u m , an  a p ic a l  residuum  p e r s i s t s ,  a f t e r  
th e  i n i t i a t i o n  o f  th e  c a r p e ls  and c o n tin u e s  f u r t h e r  developm ent.
I t  lo s e s  th e  tu n ic a -c o rp u s  c o n f ig u ra t io n  and h e ig h te n s  by a c t i v i t y  o f  
a p l a t e  m eris tem  o v er th e  s u r fa c e  and an i n t e r c a l a r y  m eris tem  j u s t  
below  th e  a p i c a l  residuum  in  th e  r e c e p ta c le .  Keng (1965) has o u t l in e d  
draw ings o f  2 f lo w e rs  a t  a n th e s i s ,  in  lo n g i tu d in a l  s e c t io n ,  b u t  makes 
no m ention  o f  what a p p e a rs  to  be an a p ic a l  residuum  betw een th e  c a rp e l  
b a s e s . I n  c e r t a i n  s p e c ie s  o f  H e lleb o ru s  and V inca m ajor (G re g o ire , 
1938) w ith  few er th a n  5 c a r p e ls ,  th e re  i s  no r e c e p ta c le  rem ain ing  a t  
th e  c e n te r  a f t e r  th e  c a r p e ls  a re  i n i t i a t e d ;  i . e . ,  th e  c a r p e ls  a r e  fused
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b a s a l ly .  F low ers such a s  Butomees and Sedum w ith  more th a n  5 f r e e  
c a r p e l s ,  have some a p ic a l  residuum  rem ain ing  a f t e r  c a rp e l  i n i t i a t i o n .
In  Nymphaea c a e ru le a  (G re g o ire , 1938) th e  a p i c a l  residuum  forms a  
la rg e  c e n t r a l  s w e ll in g ,  o r  knob. I t  has o n ly  a  2 - c e l l - d e e p  m e ris te m a tic  
m a n tle , w ith  s p a rs e  d iv i s io n s  th ro u g h o u t th e  t i s s u e  add in g  to  th e  
body o f  th e  s t r u c t u r e .  The b u lg e  becomes r a p id ly  parenchym atous.
A s im i la r  s t r u c t u r e  i s  p r e s e n t  i n  th e  f lo w e r o f  s e v e ra l  o th e r  
s p e c ie s  o f  Nymphaea (M oseley, 1961). M oseley s t a t e s  t h a t  in  N. 
o d o ra ta  form a r u b r a , a f t e r  th e  i n i t i a t i o n  o f  th e  s e p a ls  and th e  
f i r s t  p e t a l s ,  th e  m e ris te m a tic  a c t i v i t y  o f  th e  apex  p ro p e r  d im in ish e s , 
and m e ris te m a tic  a c t i v i t y  i s  s h i f t e d  to  a s u b a p ic a l  r in g  re g io n  on 
w hich stam ens and c a r p e ls  form . The rem ains o f  th e  f l o r a l  a p ic a l  
m eris tem  e lo n g a te  and a r e  e v e n tu a l ly  c o n s t r i c t e d  a t  i t s  b a se . M oseley 
su g g e s ts  t h a t  th e  c e n t r a l  mound h e ig h te n s  by i n t e r c a l a r y  grow th below 
i t s  b ase  d u rin g  th e  l a t e r  developm ent o f  th e  f lo w e r . I l l i c iu m  
flo rid an u m  f lo w e rs  a l s o  have an  in t e r c a l a r y  m eris tem  in  th i s  p o s i t io n ,  
w hich c a u ses  th e  c e n t r a l  p a p i l l a t e  residuum  to  h e ig h te n .  In  Nymphaea 
o d o r a ta , th e  c e n t r a l  re g io n  e v e n tu a lly  forms a  m ound-shaped s t r u c tu r e  
found a t  th e  c e n te r  of th e  s t ig m a tic  cup o f  th e  m atu re  f lo w e r.
I n  Nuphar (M oseley, 1971), th e  f l o r a l  a p ex , a f t e r  i n i t i a t i o n  o f  
th e  stam ens and c a r p e l s ,  changes i t s  a p ic a l  c o n f ig u r a t io n  from a 
m a n tle -c o re  ty p e  to  a  p l a t e  m eristem  and a  p e r ip h e r a l  d is c  m arg in a l 
m eris tem . The p l a t e  m eris tem  forms th e  v e n t r a l  a r e a ,  s t y l a r  c a n a l ,  
and lo c u la r  c a r p e l l a r y  r e g io n s .  The p e r ip h e ra l  d is c  m arg in a l m eristem  
form s th e  o u te r  o v ary  w a ll .  T h is  p a t t e r n  o f  developm ent resem bles th a t  
o f  I l l i c iu m  flo rid an u m  i n  p e r s is te n c e  o f  th e  residuum  and a l t e r n a t io n  
o f  i t s  b e h a v io r ,  a lth o u g h  th e  f i n a l  r e s u l t s  a re  d i f f e r e n t .
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The flo w e rs  o f  Nuphar and Nymphaea d e s c r ib e d  by M oseley approach  
most c lo s e ly  to  th e  I l l i c i u m  flo w er in  p e r s i s te n c e  o f  an a p ic a l  
residuum . However, as  r e l a t i v e l y  few f lo w e rs  have been  in v e s t ig a te d  
in  d e t a i l  th ro u g h  o n to g en y , i t  i s  p e rhaps p rem a tu re  to  assume th a t  th e  
b e h a v io r  o f  th e  p e r s i s t e n t  a p ic a l  residuum  in  I l l i c i u m  flo rid an u m  i s  
u n u su a l.
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PLATE LEGENDS
E ig .  1
F ig . 2 
F ig .  3
H a b ita t  p ic tu r e  o f I l l i c i u m  flo ridanum  E l l i s ,  th e  S ta r  
A n ise . These sh ru b s f lo w e r  d u rin g  March and A p r il  in  
L o u is ia n a .
An in d iv id u a l  f lo w er a t  a n th e s i s .  Note v a r i a t i o n  in  
te p a l  s iz e  and sh ape . X 0 .4
. V e g e ta tiv e  sh o o ts  o f  th e  S ta r  A n ise , photographed in  
M arch. X 0 .25
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F ig . 4 . A flo w erin g  shoo t o f  I l l i c iu m  flo ridanum  photographed 
in  March. X 0.24.
F ig . 5 . A v e g e ta t iv e  sh o o t o f  I l l i c iu m  flo rid an u m  photographed  
in  March. X 0 .27
F ig . 6 . The v a s c u la tu re  o f  th e  c le a re d  and s ta in e d  r e c e p ta c le  
o f  a flow er a t  a n th e s i s .  X 12
F ig . 7 . A m atu ring  f r u i t  pho tographed  in  J u ly .  X 0 .38
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F ig . 8 . Diagram o f  an  in f lo re s c e n c e  w ith  6 b r a c t s  h e l i c a l l y  
a rra n g e d  i n  c lockw ise  d i r e c t i o n .  R ep resen ted  in  th e  
a x i l s  o f  th e  5 in n e r  b r a c t s  a r e  s in g le  f lo w e rs . Each 
f lo w e r i s  sub tended  by 6 b r a c te o le s  a rra n g e d  in  a 
c lo ck w ise  h e l ix .  B ra c te o le s  and f lo w ers  a r e  n o t 
l a b e l l e d .  1 =  o ld e s t  b r a c t ;  2 ,  3 ,  4 , 5 ,  6 , = 
s u c c e s s iv e ly  younger b ra c t - s u b te n d e d  f lo w e rs .
F ig . 9 . D iagram o f  a f lo w er in  th e  a x i l  o f  a  b r a c t .  The 
flo w er i s  sub tended  by 6 b r a c te o le s .
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F ig . 10. T ra n s e c tio n  o f  th e  flo w er a t  th e  le v e l  o f  th e  13 
c a r p e ls .  The la rg e  a p ic a l  residuum  a t  c e n te r  i s  
su rrounded  by 13 c o n d u p lic a te  c a r p e l s .  The 
a p p ro x im a te ly  34 stam ens a r e  h e l i c a l l y  a rra n g e d ; 
th e  numerous f l a t t e n e d  te p a ls  l i e  to  th e  o u ts id e .  
X 30
F ig . 11. T ep a ls  from 1 f lo w e r a rran g ed  in  p resum ptive  
deve lo p m en ta l sequence from  o ld e s t  a t  l e f t  to  
y o ungest a t  r i g h t .  X 0 .8
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F ig . 12 
and 13
F ig . 14
F ig . 15
F ig . 16 
F ig . 17
. A v e g e ta t iv e  apex in  m edian lo n g i tu d in a l  s e c t io n .
A p ica l c o n f ig u ra t io n  i s  tu n ic a - c o r p u s . The p e r i c l i n a l  
d iv i s io n  ( a t  arrow ) in  th e  su b su rfa c e  la y e r  h ig h  on 
th e  r i g h t  f la n k  i s  th e  i n i t i a t o r y  s i t e  o f  s l e a f  
prim ordium . The v e g e ta t iv e  apex rem ains lcw -convex 
in  o u t l in e  th ro u g h o u t l e a f  i n i t i a t i o n .  F ig . 12 , X 160; 
F ig . 13, X 440
A young f l o r a l  bud in  lo n g i tu d in a l  s e c t io n .  A p o r t io n  
o f  th e  e n c lo s in g  b r a c t  i s  seen  i n  th e  upper l e f t  and 
r i g h t  s id e s .  S urround ing  th e  in d iv id u a l  f lo w er a r e  
p o r t io n s  o f  su b ten d in g  b r a c t e o le s .  The youngest 
appendage on e i t h e r  f la n k  o f  th e  apex i s  a t e p a l .
X. 100
. A f l o r a l  a p ic a l  m eristem  i n  m edian lo n g i tu d in a l  
s e c t io n .  The c o n f ig u r a t io n  i s  tu n ic a -c o rp u s . The 
appendages on th e  l e f t  and r i g h t  s id e  o f  th e  apex 
a r e  t e p a l s .  N ote th e  p e r i c l i n a l  d iv i s io n  in  th e  
su b su rfa c e  la y e r  h ig h  on th e  r i g h t  s id e  o f  th e  apex ; 
t h i s  i s  no t in v o lv ed  in  appendage i n i t i a t i o n .  X 200
. A f l o r a l  m eris tem  in  non-m edian lo n g itu d in s .1  s e c t io n ,  
to  show young te p a l  p r im o rd ia  on th e  l e f t  end r i g h t  
f la n k s  o f  th e  apex . X 200
. A te p a l  prim ordium  80p h ig h  i n  m edian lo n g i tu d in a l  
s e c t io n .  Note th e  s u b a p ic a l i n i t i a l  ( a t  arrow ) 
and p rocarab ia l s t r a n d .  A stam en p ro tru d e s  above 
th e  t e p a l .  X 400
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F ig .
F ig .
F ig .
18. A f l o r a l  apex in  median lo n g i tu d in a l  s e c t io n .  The 
p e r i c l i n a l  d iv i s io n  ( a t  arrow ) in  th e  su b su rfa c e  
la y e r  on th e  r i g h t  f la n k  i s  th e  i n i t i a t o r y  s i t e  o f  a 
t e p a l .  X 200
19. A f l o r a l  apex in  t r a n s v e r s e  s e c t io n ,  w ith  th e  f l o r a l  
m eris tem  a t  c e n te r .  The appendages a r e  te p a l s  o f  
d i f f e r i n g  a g e s . Note th e  b eg in n in g  o f  m arg in a l and 
sub m arg in a l a c t i v i t y  in  th e  u p p er l e f t  te p a l  ( a t  
a rro w ). X 100
20. A f lo w e r , i n  t r a n s v e r s e  s e c t io n .  The f l o r a l  m eristem  
i s  a t  th e  bo ttom . The most r e c e n t ly  formed p ro tu b e r ­
ances  a r e  th e  f i r s t  formed stam ens. The f la t t e n e d  
o u te rm o st s t r u c t u r e s  a re  t e p a l s  o f  d i f f e r i n g  ag es .
The o u te rm o st t e p a l s  show e x te n s iv e  c e l l  m a tu ra tio n . 
In  a young t e p a l  ( a t  arrow ) th e  c e l l s  o f  th e  ground 
m eristem  on th e  a b a x ia l  s id e  soon a p p ea r v a c u o la te  
and s t a i n  d i f f e r e n t l y  th an  th e  rem ain in g  c e l l s  o f  th e  
t e p a l .  X 150
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F ig .  21-23. 
F ig . 21.
F ig . 22.
F ig . 23.
T ep a ls  in  tr a n s v e r s e  s e c t io n .
M arg inal and subm arg inal a c t i v i t y  has  produced an 
e l l i p s o i d  t r a n s v e r s e  s e c t io n .  X 50
M arginal and subm arg inal a c t i v i t y  has produced a 
c re s c e n t shape in  t r a n s v e r s e  s e c t io n .  The m argins 
o f  th e  o u te r  te p a ls  ( a t  M) have begun to  narrow 
due to  th e  ex tended  a c t i v i t y  o f  m arg in a l i n i t i a l s .  
X 25
Note ( a t  M) th e  ex tended  a c t i v i t y  o f th e  m arg in a l 
i n i t i a l s  in  two of i:he te p a l  m a rg in s . X 25
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F ig .  24. F lo r a l  bud in  t r a n s v e r s e  s e c t io n .  Note (at. arrow s) 
th e  t e p a ls  o f  d i f f e r i n g  ages and th e  degree, o f  
m a rg in a l a c t i v i t y  t h a t  has produced a narrow  2 - c e l l -  
l a y e r  m a rg in . X 100
F ig .  25. A m a tu rin g  te p a l  in  t r a n s v e r s e  s e c t io n .  C o lls  a re
v a c u o la te .  Note th e  numerous d a r k - s ta in in g  pigm ented 
c e l l s .  X 50
F ig .  26. A f l o r a l  apex in  lo n g i tu d in a l  s e c t io n .  The i n i t i a t o r y  
s i t e  o f  a stam en ( a t  £3) on th e  low er r i g h t  f la n k  i s  
non-m edian and younger th a n  th e  s i t e  ( a t  S) on th e  
low er l e f t  f la n k .  T ep a ls  s tan d  c e n t r i f u g a l ly  to  each 
stam en s i t e .  The rem a in in g  appendages a re  o ld e r  
t e p a l s .  X 250
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F ig . 27. A f l o r a l  ap ex , in  m edian lo n g i tu d in a l  s e c t io n .  The
i n i t i a t o r y  s i t e  o f  a stam en o f  th e  second o r  youngest
s e r i e s  i s  a t  arrow  a t  l e f t .  X 300
F ig . 28. A f l o r a l  apex i n  lo n g i tu d in a l  s e c t io n .  Th€; i n i t i a t o r y  
s i t e s  (S) a r e  stam ens o f  th e  second s e r i e s .  X 250
F ig . 29. Young stam en p rim o rd ia  (S) o f  th e  o u te r  o r  f i r s t
s e r i e s  i n  t r a n s v e r s e  s e c t io n .  A ll o th e r  appendages
a r e  t e p a l s  (T ) . The r e c e p ta c le  i s  a t  th e  bo ttom .
X 200
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
71
F i g .  30.
F ig . 31 
and 32.
F ig .  33.
The f l o r a l  r e c e p ta c le  and stamen p rim o rd ia  in  tr a n s v e r s e  
s e c t io n .  Appendages a t  upper r i g h t  and low er l e f t  a re  
t e p a l s .  X 100
Young stam en p rim o rd ia  (S) o f  th e  f i r s t  s e r i e s  in  
lo n g i tu d in a l  s e c t io n .  T = t e p a l .  F ig . 31, X 200; 
F ig . 32, X 250
A f l o r a l  apex and young stam en prim ordium  (S) o f th e  
f i r s t  s e r i e s  in  lo n g i tu d in a l  s e c t io n .  A su b a p ic a l 
i n i t i a l .  The te p a ls  (T) a re  a t  r i g h t .  X 250
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F ig .  34. A f l o r a l  bud, in  lo n g i tu d in a l  s e c t io n .  The f i r s t  
appendage to  th e  r i g h t  o f  th e  a p ic a l  res id u u m  i s  a 
d ev e lo p in g  c a rp e l (C ). The second and t h i r d  appendages 
a r e  stam ens (S) o f  th e  second and f i r s t  s e r i e s ,  
r e s p e c t iv e ly .  The la rg e  curved  appendage a t  f a r  
r i g h t  and top  i s  a t e p a l .  Note th e  a d a x ia  l. c u rv a tu re  
o f  th e  d ev e lo p in g  stam ens, in  c o n t r a s t  to  th e  c a rp e l .  
Procambium i s  p re s e n t  a t  th e  base  o f th e  o u te r  
stam en . X 100
F ig .  35
and 36 Stamen p rim o rd ia  (S) o f th e  f i r s t  and second stam en 
s e r i e s  in  lo n g i tu d in a l  s e c t io n .  Note th e  p re sen ce  
o f  procambium a t  th e  base  o f  th e  prim ordium . F ig .  35, 
X 350; F ig .  36, X 450
F ig .  37. A f l o r a l  bud in  lo n g i tu d in a l  s e c t io n .  A common
sympodium i s  su p p ly in g  s. te p a l  (T) and a stam en (£3) 
o f  th e  second s e r i e s .  X 100
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F ig .  38. A m ature stam en a t  a n th e s i s  i n  March. A c le a re d  
p r e p a r a t io n ,  re to u c h e d  to  show th e  o u t l in e  o f  th e  
stam en. X 16
F ig .  39. Young stam en p r im o rd ia  in  t r a n s v e r s e  s e c t io n .  No 
m arg in a l o r  su b m arg in a l i n i t i a l s  a re  p r e s e n t .
X 300
F ig .  40 . A m ature stam en f ila m e n t in  tr a n s v e r s e  s e c t io n ,  showing 
a s in g le  v a s c u la r  s t r a n d .  X 25
F ig . 41 . A 4 - s p o ra n g ia te ,  i n t r o r s e l y  l a t e r a l  a n th e r  a t  
a n th e s is  in  t r a n s v e r s e  s e c t io n .  X 150
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F ig .  42 . Stamens o f  th e  f i r s t  and second stam en s e r i e s  in  
lo n g i tu d in a l  s e c t io n .  The stam ens a r e  abou t 400ji 
h ig h . N ote th e  sporogenous t i s s u e  and th e  xylem 
d i f f e r e n t i a t i n g  a t  th e  b a se . X 150
F ig .  4 3 -46 . D evelop ing  a n th e s i s  in  t r a n s v e r s e  s e c t io n .
F ig . 43 . Sporogenous c e l l s  ( a t  a rrow s) have r e c e n t ly  
form ed. X 200
F ig . 44 . The s in g le  sporogenous c e l l  ( a t  a r ro w ) , a t  t h i s  
l e v e l ,  i s  su rrounded  by a  u n i s e r i a t e  p a r i e t a l  
l a y e r .  X 300
F ig .  45 . The sporogenous c e l l s  a r e  su rrounded  by a  m u l t i ­
la y e re d  p a r i e t a l  t i s s u e  and endosporum (E ) . The 
tapetum  forms from th e  in n e r  c e l l  la y e r  o f  th e  
p a r i e t a l  t i s s u e .  X 250
F ig . 46 . Note th e  c lu s t e r e d  sporogenous c e l l s  and th e  
m a tu rin g  a n th e r  w a ll .  E = endosporum . X 225
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F ig . 4 7 -5 0 . M ic ro sp o ro g en es is  in  t r a n s v e r s e  s e c t io n  o f  a n th e r s .  
The endothecium  (E) i s  in d ic a te d  in  each .
F ig . 47
and 48 . The sporogenous c e l l s  a re  s e p a ra t in g  p r io r  to  
m e io s is .  F ig . 4 7 , X 250; F ig .  48 , X 30C
F ig . 49 . The dyad i s  formed a t  th e  f i r s t  m e io tic  d iv i s io n .  
N ote th e  la y e r s  o f  th e  m a tu rin g  a n th e r  v /a ll: 
a  s in g le  ep id e rm al la y e r ,  an  e n d o th e l ia l  la y e r  
(E ) , 1 to  s e v e ra l  m iddle la y e r s  i n  th e  p ro c e ss  
o f  b e in g  c ru sh e d , and a tap e tu m . X 400
F ig . 50 . T e tr a d s  form  a f t e r  the  second m e io tic  d iv i s io n .
X 300
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F ig . 51 and 52. M ic ro sp o ro g en es is , in  a n th e rs  in  t r a n s v e r s e  
s e c t io n .  P r io r  to  s e p a r a t io n ,  th e  cy top lasm  
sh r in k s  from th e  w a lls  o f  th e  t e t r a d  c e l l s .  
N ote th e  m atu ring  a n th e r  w a ll .  The g r e a t ly  
c o lla p s e d  appearance i s ,  in  p a r t ,  an  a r t i f a c t  
o f  p re p a ra t io n .  E = endothecium . X 275
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F i g .
F ig .
53. C arp e l i n i t i a t i o n  (C) on th e  f l o r a l  a p ic a l  m eristem  
in  lo n g i tu d in a l  s e c t io n .  The a rro w  in d ic a te s  two 
p e r i c l i n a l  d iv i s io n s  in  th e  T2 . A stam en prim ordium  
(£) o f  th e  second s e r ie s  s ta n d s  a t  l e f t .  X 600
54 . A f l o r a l  a p ic a l  m eris tem , stam en ( £ ) ,  and e a r l y  c a rp e l 
prim ordium  (C ). Note th e  two p e r i c l i n a l  d iv i s io n s  
( a t  arrow ) in  th e  su b su rfa c e  la y e r  on th e  f la n k
and th e  a d ja c e n t  procambium. X 500
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F i g .
F ig .
F ig .
55. The c a rp e l  prim ordium  (C) i n  lo n g i tu d in a l  s e c t io n  as 
i t  becomes a  p ro tu b e ra n c e . A stam en prim ordium  (£3) 
o f  th e  second stamen s e r i e s  s ta n d s  a t  low er r i g h t ,  
and te p a l  (T) a t  upper r i g h t .  X 400
56. A f l o r a l  apex in  t r a n s v e r s e  s e c t io n  showing some o f
th e  13 c a rp e l  p r im o rd ia . £> = stam ens. X 100
57 . A c a rp e l  prim ordium  (C) in  lo n g i tu d in a l  s e c t io n .
The s u b a p ic a l i n i t i a l  ( a t  arrow ) o r ig in a te s  when a
c a rp e l  i s  ap p ro x im ate ly  60p . T = t e p a l .  X 300
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F ig .  58. Young c a r p e l  p ria isrd ium  (C) on th e  f la n k  of th e  a p ic a l  
residuum . X 250
F ig .  59. A p ica l residuum  f la n k e d  by c a rp e ls  (C) 350j h ig h .
X 100
F ig . 60. A f l o r a l  bud in  t r a n s v e r s e  s e c t io n .  The a p ic a l
residuum  i s  a t  th e  b a s e . The f i r s t  s e r i e s  o f  appendages 
su rro u n d in g  th e  residuum  a re  c a rp e ls  (C) 150-200ji 
h ig h , w ith  e a r ly  m a rg in a l grow th ( a t  a rro w s) . The 
second s e r i e s  o f  appendages a re  stam ens ( S ) . X 300
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F ig .  6 1 -63 . C o n d u p lica te  c a rp e ls  a t  d i f f e r e n t  s ta g e s  o f 
t a n g e n t ia l  and r a d i a l  e n la rg e m e n t, s e c tio n e d  
t r a n s v e r s e ly  s l i g h t l y  above th e  o v u la r  re g io n .
AD = a d a x ia l .  F ig .  61, X 225; F ig .  62 , X 100; 
F ig . 63 , X 100
F ig . 64 . C arpel and d ev e lo p in g  ovu le  (OV) in  lo n g i tu d in a l
s e c t io n .  A p la te  m eristem  ( a t  arrow ) b u ild s  up 
th e  a p p re s se d  a d a x ia l c a rp e l m a rg in s . X 100
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F ig .  65 -68 . C lea red  whole c a rp e ls  s ta in e d  to  show xylera s t r a n d s .
D = d o r s a l  s tra n d ; 0 = o v u la r  s t r a n d ;  V = v e n t r a l  
s t r a n d s ;  AB = a b a x ia l s u r f a c e .
F ig .  65 
and 66
F ig . 67 
and 68
C arp e ls  a t  th e  tim e o f  f lo w e rin g  in  March. Note 
th e  m inor b ranches o f  b o th  th e  d o r s a l  s tra n d  and 
th e  v e n t r a l  s t r a n d s .  F ig . 65 , X 10; F ig . 66, X 17
F r u i t  developm ent in  Ju n e . N ote th e  a d a x ia l 
ex p an sio n  o f  th e  c a rp e l  a t  i t s  a tta c h m e n t, th e  
numerous m inor b ran ch es o f  th e  d o r s a l  strand- and 
v e n t r a l  s t r a n d s ,  and th e  c u rv in g  o f  many o f  th e  
b ran ch e s  o f  th e  d o r s a l  s t r a n d  to  th e  re g io n  o f  th e  
d ev e lo p in g  seed . F ig . 67 , X 6; F ig . 68. X 13
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F ig .  6 9 - 7 2 .  D e v e lo p in g  c a r p e l s .
F ig .  69. A c a rp e l  prim ordium  (C) abo u t 50ji h ig h  in  lo n g i tu d in a l  
s e c t io n .  N ote th e  p re se n c e  o f procambium ( a t  arrow ) 
below  th e  prim ordium . X 300
F ig .  70. A c a rp e l  prim ordium  (C) abo u t 80/j h ig h  in  lo n g i tu d in a l  
s e c t io n .  Note th e  p re se n c e  o f  procambium. X 250
F ig . 71. A c a r p e l  (C) and d ev e lo p in g  o v u le  (OV) in  lo n g i tu d in a l  
s e c t io n .  Xylem d i f f e r e n t i a t e s  i n  th e  d o r s a l  s tra n d  
o f  a c a rp e l  when th e  c a r p e l  i s  300-350;: h ig h .
AB = a b a x ia l  s u r fa c e .  Arrow in d ic a te s  xylem .
X 200
F ig . 72. A c a rp e l  and d ev e lo p in g  o v u le  (OV), in  lo n g i tu d in a l  
s e c t io n .  Xylem d i f f e r e n t i a t e s  in  th e  re g io n  o f  th e  
o v u le  when th e  ovu le  i s  ab o u t 200^ h ig h . X 175
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F ig . 73-76 . Ovule i n i t i a t i o n  and e a r ly  developm ent in
lo n g i tu d in a l  s e c t io n .  AD = a d a x ia l  s u r f a c e ;  
AB = a b a x ia l  s u r f a c e ;  C = c a r p e l ;  OV = o v u le .
F ig .  73. Ovule i n i t i a t i o n .  The o v u le  (OV) i s  i n i t i a t e d  
m ed ian ly  a t  th e  b a se  o f  th e  c a rp e l  (C ). X 200
F ig . 74. E a r ly  o v u le  developm ent. The o v u le  (OV) i s
60ji h ig h . The c a rp e l  (C) i s  300ji h ig h . X 200
F ig . 75. An ov u le  prim ordium  (OV) 80/x h ig h . Note th e  
su b a p ic a l i n i t i a l  ( a t  a r ro w ) . The c a rp e l  i s  
350ji h ig h . X 300
F ig . 76. A d ev e lo p in g  ov u le  125ji h ig h . X 200
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F ig . 77. A c a rp e l  and d ev e lo p in g  o v u le  (OV) ab o u t 200p h ig h  
in  lo n g i tu d in a l  s e c t io n .  X 175
F ig . 78
and 79. C arp e ls  and d ev e lo p in g  o v u le s  in  t r a n s v e r s e  s e c t io n ,
a t  d i f f e r e n t  a g e s . The a p p re sse d  c a rp e l  m argins n ev er 
fu se  th ro u g h  c a rp e l  and f r u i t  developm ent. The a d a x ia l  
c a rp e l  m argins ( a t  arrow s) b u i ld  up d u rin g  c a rp e l  
m a tu ra tio n  by d e r iv a t iv e s  o f  a p l a t e  m eristem .
F ig .  78, X 150; F ig . 79 , X 100
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F ig . 80' 
F ig .
F ig .
F ig .
F ig .
83 . Young o v u le s  i n  a s e c t io n  c u t  t r a n s v e r s e ly  th ro u g h  
th e  c a r p e ls .
80. A re c e n t  p e r i c l i n a l  d iv i s io n  in  th e  s u b s u r fa c e  
la y e r  has produced  an  a r c h e s p o r ia l  c e l l  ( a t  a rro w ). 
X 400
81. E a r ly  m a tu ra tio n  o f  th e  a r c h e s p o r ia l  c e l l  ( a t  top  
arrow ) and th e  i n i t i a t i o n  o f  th e  f i r s t  and second 
in teg u m en ts . The in n e r  in tegum en t forms f i r s t  and 
i s  p ro to d erm al in  o r ig i n .  The second in teg u m en t 
form s by p e r i c l i n a l  d iv i s io n s  in  th e  s u b su rfa c e  
la y e r  beh in d  th e  in n e r  in teg u m en ts  and e n c ic c le s  
th e  o v u le  l i k e  a  cap . The d iv i s io n  ( a t  low er 
arrow ) i s  p a r t  o f  th e  rim  o f  th e  o u te r  in teg u m en t. 
X 400
82. Ovule w ith  m egaspore m other c e l l  ( a t  a rro w ).
The in n e r  in teg u m en t o n ly  i s  in  th e  p la n e  o f  
s e c t io n .  X 325
83. L o n g itu d in a l s e c t io n  th ro u g h  th e  a d a x ia l  rim  o f  
th e  o u te r  in te g u m e n t. X 350
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F ig . 84 -8 6 . M egasporogenesis in  lo n g i tu d in a l  s e c t io n ,  o i  = 
o u te r  in tegum en t; i i  = in n e r  in teg u m en t.
F ig . 84. The m egaspore m other c e l l  i n  th e  o v u le  i s  c u t
s a g i t t a l l y .  Note th e  p a r i e t a l  c e l l  ( a t  arrow ) 
and th e  m egaspore c e l l  p o s it io n e d  to  i t s  l e f t .
The m ic ro p y la r  c a n a l i s  observ ed  b ecau se  o f  th e  
p la n e  o f  s e c t io n  th ro u g h  th e  in n e r  in te g u m e n ts . X 275
F ig . 85 . The 2 - c e l l  s ta g e  in  s a g i t t a l  lo n g i tu d in a l  s e c t io n .
The arrow  in d ic a te s  one o f  th e  2 c e l l s .  X 250
F ig . 86. The 4-m egaspore s ta g e  showing 3 o f  th e  4 m egaspores 
( a t  a rro w ). A s a g i t t a l  lo n g i tu d in a l  s e c t io n .  The 
m ic ro p y la r  m egaspore i s  o u t o f  th e  p la n e  o f  s e c tio n . 
X 400
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F ig .
F ig .
F ig .
F ig .
87. The embryo sac  i n  s a g i t t a l  lo n g i tu d in a l  s e c t io n .  The 
c e n t r a l  n u c leu s  (CN) i s  in  th e  p la n e  o f  s e c t io n .  A t 
th e  b a se  o f  th e  embryo sac  i s  th e  hypostasc. (Ip  w ith  
i t s  d a rk ly  s t a in in g  c e l l s .  X 100
88. P a r t  o f  th e  egg a p p a ra tu s  (EA) in  th e  embryo sac  in  
s a g i t t a l  lo n g i tu d in a l  s e c t io n .  X 250
89. The zy g o te  (Z) i n  th e  embryo sac  i n  s a g i t t a l  lo n g i tu d in a l  
s e c t io n .  X 100
90. An e a r ly  s ta g e  i n  endosperm (EN) fo rm a tio n  in  th e  embryo 
sac  i n  s a g i t t a l  lo n g i tu d in a l  s e c t io n .  X 100
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F ig .  91 
F ig .
F ig .
F ig .
93. Development o f  th e  seed  c o a t  in  lo n g i tu d in a l  
s e c t io n .
91. The o u te r  in tegum ent (betw een upper p a i r  o f  a rrow s) 
has 5 la y e r s ,  th e  in n e r  in tegum en t (betw een low er 
p a i r  o f  arrow s) has 3 c e l l  l a y e r s .  X 225
92. The 4 in n e r  la y e r s  o f  th e  o u te r  seed c o a t a re  
d a rk ly  s ta in e d .  The non-p igm ented  c e l l s  in  th e  
f i f t h  (o u te rm o st)  la y e r  a r e  e lo n g a te d  a n t i c l i n a l l y .  
The in t e r f a c e  betw een in n e r  and o u te r  seed c o a t i s  
shown a t  th e  arrow . X 400
93. P a r t  o f  th e  m atur seed  c o a t .  The a n t i c l i n a l l y  
e lo n g a te d  c e l l s  o f  th e  o u te rm o st la y e r  rem ain 
non-p igm ented  w ith  h e a v i ly  th ic k e n e d  w a lls .  The 
f i r s t  and second la y e r s  o f  th e  3 - la y e re d  in n e r  
seed  c o a t a re  c ru sh ed  a t  seed  c o a t m a tu r i ty .  The 
boundary  betw een th e  in n e r  and o u te r  seed c o a ts  
i s  a t  th e  arrow . X 3 5 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
107
F ig . 94. F r u i t  developm ent. Whole m ounts. The expan sio n  o f  
th e  c a rp e ls  d u r in g  f r u i t  developm ent i s  shown from  a ,  
a t  f lo w e rin g  in  M arch, to  m, a t  d eh iscen ce  o f  th e  seeds 
i n  O cto b er, a ,  b (M arch); c ,  d (A p ril) ; e ,  f  (May);
£ ,  h (Ju n e ) ; jL, j ,  ( J u ly ) ;  k  (S ep tem ber); _1, m (O c to b er). 
X 0 .75
F ig . 95. R ece p tac le  and p a r t  o f  one m a tu ring  f o l l i c l e ,  in  c le a re d  
p re p a ra t io n .  As th e  r e c e p ta c le  e n la rg e s  d u rin g  f r u i t  
developm ent th e re  i s  an  expan sio n  o f  in te r v a s c u la r  
a r e a s .  The b ase  o f  th e  a p ic a l  residuum  i s  a t  th e  
arrow . D = d o rs a l  b u n d le ; 0  ~  o v u la r  b u n d le ; V = 
v e n t r a l  b u n d le . X 32
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F ig .  96 -98 . 
F ig .  96.
F ig .  97 
and 98.
D evelopm ent o f  th e  a p i c a l  residuum  (AR) in  
lo n g i tu d in a l  s e c t io n .
The tu n ic a -c o rp u s  c o n f ig u r a t io n  i s  l o s t ,  and th e  
f la n k s  o f  th e  residuum  show some h e ig h te n in g .
Many c e l l s  o f  th e  th r e e  o u te r  la y e r s  a r e  b e g in n in g  
to  d iv id e  p e r i c l i n a l l y .  X 200
An a p ic a l  residuum  at: 2 d i f f e r e n t  l e v e ls  in  th e  same 
f lo w er i n  t r a n s v e r s e  s e c t io n ,  su rrounded  by c a r p e ls .  
X 150
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F ig . 99-101. The d e v e lo p in g  a p ic a l  residuum  in  m edian 
lo n g i tu d in a l  s e c t io n .
F ig . 99. 
F ig . 100. 
F ig . 101.
The a p ic a l  residuum  (AR) i s  500)i w ide and 300yi 
h ig h . N ote th e  c e l l  f i l e s  along th e  p e r ip h e ry .
OV = o v u le . X 200
Note th e  c e l l  en largem en t and d i f f e r e n t i a t i o n  in  
th e  c e n t r a l  re g io n  o f  th e  a p ic a l  residuum  CAR).
OV = o v u le .  X 275
Note th e  d i f f e r e n t i a t i n g  c e l l s  n e a r  th e  summit 
o f  th e  a p i c a l  residuum  (AR) sub tended  by s t i l l  
m e ris te m a tic  c e l l s  a t  th e  b ase . The c a r p e l  (C) 
and o v u le  (OV) a r e  a t  r i g h t .  AD = a d a x ia l  c a rp e l  
s u r fa c e  (n o n -m ed ian ). X 200
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F ig . 102 and 103. Two exam ples o f  d i f f e r e n t i a t i n g  a p ic a l  residuum
(AR). N ote th e  d i f f e r e n t i a t i o n  o f  th e  sum m ital 
c e l l s ,  w ith  a b a s a l  i n t e r c a l a r y  m eristem  (Ip . 
F ig . 102, X 125; F ig .  103, X 175
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F ig .  104. P a r t  o f  a  f l o r a l  r e c e p ta c le  w ith  a  s in g le  c a rp e l  in  
lo n g i tu d in a l  s e c t io n .  The summit o f  th e  a p ic a l  
residuum  (AR) i s  b e in g  sloughed o f f ,  w h ile  th e  b a s a l  
i n t e r c a l a r y  m eris tem  i s  p roducing  d e r iv a t iv e s  from 
below . The s e c t io n  i s  m edian, ex ce p t f o r  th e  
d ev e lo p in g  s e e d . Arrow in d ic a te s  th e  p l a t e  m eristem  
b u ild in g  up th e  a d a x ia l  s id e  o f  th e  c a r p e l .  AB = 
a b a x ia l .  X 20
F ig .  105. The c o l la p s in g  t a n n i n - f i l l e d  c e l l s  o f  th e  a p ic a l
residuum  (AR) in  th e  p ro cess  o f  b e in g  s loughed  o f f ,
in  lo n g i tu d in a l  s e c t io n .  X 100
F ig .  106. The i n t e r c a l a r y  m eris tem , a t  th e  b ase  o f  th e  residuum ,
a f t e r  th e  t a n n i n - f i l l e d  c e l l s  o f  th e  a p i c a l  residuum  
have sloughed  o f f .  C = c a rp e l .  X 150
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